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DESIGN OF SURFACE WATER MANAGEMENT SYSTEM 
FOR OPERATIONAL CONDITIONS 

BACKGROUND & PURPOSE 

This package was prepared in support of the design of the Sediment Consolidation Area 
(SCA) for the Onondaga Lake Bottom Site, which will be constructed on Wastebed 13 (WB-
13). Specifically, the package is intended to present the design and analysis of the surface 
water management system for operational conditions of the SCA. 

The package addresses the surface water management system in place during the dewatering 
of the dredged lake sediment using geotextile tubes (geo-tubes) within the SCA, which is 
surrounded by a perimeter dike (SCA perimeter dike). For the purposes of the calculations 
conducted in this package, the SCA has a footprint corresponding to a capacity of up to 2.65 
million cubic yards of dredged material. The calculations presented herein are conservative 
for reduced SCA volumes and interim operational phases. A separate package title Final 
Cover System Surface Water Management System Design (Appendix K of the SCA Final 
Design) presents the design analyses for the proposed surface water management system for 
the final cover system. 

KEY CONSIDERATIONS AND LIMITATIONS 

This package addresses surface water management within the limits of the SCA perimeter 
dike and the exterior detention basins (also referred to as stormwater basins) during the 
period when the geo-tubes are being filled, and does not address how surface water 
management will be implemented for the final cover. Surface water management outside the 
limits of the SCA perimeter dike, the detention basins, and the SCA support areas will be 
addressed as part of the Wastebed 9 through 15 Closure. While this package addresses the 
general surface water flow and the capacity of the system to convey surface water during 
operations, additional planning and control measures may be needed depending on geo-tube 
phasing and settlement patterns. For example, there may be a need to pump water using 
portable pumps from the top area of the SCA. These operational issues are not addressed in 
this package. 

It is anticipated that the SCA will be used to actively dewater dredged sediment using geo-
tubes for approximately four years. Settlement is expected to occur during the four-year 
period, and continue to occur after the final cover system is constructed. The calculations 
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performed herein are based on the proposed design elevation of the “Top of the Geo-tubes” 
of the SCA without considering any calculated settlements that are expected to occur during 
installation and placement of geo-tubes.  

DESIGN CRITERIA 

The surface water management system for operational conditions will serve two purposes. 
During construction and operation of the SCA, the system will convey filtrate and 
consolidation water from the geo-tubes (i.e., the water generated from dewatering the 
dredged material in the geo-tubes) to operational pumps located at the temporary perimeter 
basins/perimeter culverts (i.e., the low spots of the north-south dikes). Specifically, each of 
the reaches of the temporary perimeter channels will be designed to convey a filtrate and 
consolidation water flow rate of 6000 gpm (provided to Geosyntec Consultants by Parsons), 
while maintaining a minimum of six inches of freeboard. The operational pumps will convey 
the water to the water treatment plant. The exact locations and operation of these pumps will 
be discussed in more detail in the Sediment Management Intermediate and Final Design.  

During rainfall events, the interim surface water management system will convey runoff 
from the SCA to the operational pumps and the detention basins. For the purposes of the 
calculations performed in this package, the system is designed to collect and convey runoff 
from the 25-year, 24-hour design rainfall event, assuming that the SCA will not be operating 
during this event. Basins and temporary perimeter channels are designed to convey and, 
combined with the detention basins, contain the calculated peak water elevations from the 
25-year, 24-hour design rainfall event while maintaining a minimum of six inches of 
freeboard.

SURFACE WATER MANAGEMENT SYSTEM COMPONENTS 

The surface water management system for operational conditions will include the 
components listed below. This calculation package will address the design of each of the 
components, which are shown in Figure 1. 

� Temporary Perimeter Channel and Basins – The temporary perimeter channel is 
comprised of four drainage channels located between the SCA perimeter dike and the 
geo-tubes. These channels capture and convey runoff from the geo-tube side slopes to 
the perimeter culverts during construction/operation conditions. In addition to 
providing conveyance, the temporary perimeter channels will provide some 
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additional storage during high rainfall events when the water surface elevation in the 
exterior detention basins exceeds the bottom elevations in the temporary perimeter 
channels.  Therefore, they are modeled as both channels and basins.

� Perimeter Culverts – Perimeter culverts will be located at two locations beneath the 
SCA perimeter dike and will convey runoff from the temporary perimeter channels to 
the detention basins.

� Detention Basins – Detention basins will be located west and east of the SCA to 
provide storage of surface water runoff received from the perimeter culverts.�

ANALYSIS METHODOLOGY

Hydraulic and hydrologic analyses are conducted using methods presented in TR-20 (SCS, 
1983) and TR-55 (SCS, 1986). Analyses are conducted using the computer program 
HydroCADTM (HydroCAD, 2005). Computer program analyses are supplemented with other 
design calculation methods wherever applicable.

MAJOR ASSUMPTIONS 

� Subcatchment Properties – For the purposes of the analyses conducted herein, the 
extent of the SCA is divided into 11 subcatchments – four top-deck subcatchments 
and seven side-slope subcatchments. Tables 1 and 2 summarize the important 
topographic features of the 11 subcatchments: area, longest travel path, and elevation 
maxima and minima. 

Table 1 – Summary of Top-Deck Subcatchments

 S1A S2A S3A S4A 

Area (acres) 7.9 14.4 18.3 9.8 

Longest Path (ft) 1051 1536 1658 1159 

Max. Elev. (ft) 463.3 468.1 468.1 463.3 

Min. Elev. (ft) 429.2 429.2 425.6 425.6 
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Table 2 – Summary of Side Slope Subcatchments 

 S1B S1C S2B S2C S3B S3C S4B 

Area (acres) 2.4 1.1 1.1 2.7 2.0 3.0 1.2 

Longest Path (ft) 85 85 85 1055 85 1040 85 

Max Elev. (ft) 463.3 462.9 468.1 468.1 467.4 468.1 463.3 

Min. Elev. (ft) 433.3 432 437.1 429.2 437.1 426.2 433.3 

� Hydrologic Soil Group (HSG) for Cover System – For the purposes of this 
calculation, no Hydrologic Soil Group will be applied to the subcatchment surfaces. It 
is assumed that the synthetic material of the geo-tubes will result in a subcatchment 
surface that has the highest runoff potential possible, and it will be modeled as a 
generalized impervious area.

� Runoff Curve Number (CN) – It is assumed that the geo-tubes are completely 
saturated, not allowing infiltration, and the synthetic material behaves like a highly 
impervious area. Based on these assumptions, a CN = 98 is selected for the 
subcatchment areas for operational conditions.

� Rainfall Distribution for Design Storm - As shown on Attachment 1 (SCS, 1986), the 
site is located in a region designated under a SCS Type II Rainfall Distribution.

� Rainfall Depth for Design Storm – The rainfall depth for 25-year 24-hour design 
storm event is 4.4 inches and was obtained from Attachment 2 (SCS, 1986).

HYDRAULIC AND HYDROLOGIC MODELING  

� Nodal Network Diagram – Attachment 3 presents a nodal network diagram showing 
the connectivity of the subcatchments and the surface water management system 
components listed below.

oS1A through S4A – Top Deck Subcatchments 
oS1B through S4B – Side Slope Subcatchments 
oR1B through R4B – Temporary Perimeter Channel Reaches 
o AxB” and CxD” – Perimeter Culverts (do not appear on HydroCAD nodal

diagram because they are outfall structures) 
oTB1 and TB2 – Temporary Perimeter Basins 
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oEDB and WDB – Detention Basins 

� Computer Modeling – A hydraulic and hydrologic analysis was conducted using the 
aforementioned assumptions and system components using the computer program 
HydroCADTM. The results of the modeling are presented in Attachment 4.�

DESIGN OF SURFACE WATER MANAGEMENT SYSTEM FOR OPERATIONAL 
CONDITIONS 

� Temporary Perimeter Channel – The temporary perimeter channels are shown as 
R1B, R1C, R2B, R2C, R3B, R3C, and R4B in the HydroCAD nodal diagram and 
Figure 1. The cross-sectional area of the temporary perimeter channels varies on both 
the eastern and western half of the SCA. The temporary perimeter channels are 
designed to collect runoff (i.e., filtrate or surface water) from the side slopes (S1B/C, 
S2B/C, S3B/C, and S4B) during operations. This runoff is then conveyed to the 
temporary perimeter basin. During operational conditions the channel reaches were 
assumed to be earth, clean and straight with a corresponding Manning’s n value of 
0.025, as shown in Attachment 5 (HydroCAD, 2005). Due to the variability in cross-
sections throughout the SCA perimeter channel, only the sections with the lowest 
discharge capacities were evaluated to demonstrate that the target discharge rate 
(6000 gpm) could be met. The lowest capacity sections are combinations of small 
cross-sectional areas, relatively large wetted perimeters, and low longitudinal slopes. 
As a conservative approach, each of these lowest capacity sections was used to 
represent their entire respective reaches.  The four main drainage channels were 
divided into seven reaches during the subcatchment delineation process, as shown in 
Figure 1. Using the lowest capacity sections provides a conservative estimate of 
channel depth during peak flow, which is used to evaluate the freeboard design 
criteria. The discharge rate for each reach of the temporary perimeter channels with 
six-inches of freeboard is shown below in Table 3. The minimum freeboard for the 
25-year, 24-hour storm is shown below in Table 4. As can be seen in these tables, the 
discharge capacity with six inches of freeboard meets the target value, and the 
minimum freeboard during the design storm is greater than six inches.



 Page 6 of 19
Written 

by: Jesus Sanchez Date: 1/12/10 Reviewed by: Ganesh Krishnan Date: 1/12/10 

Client: Honeywell Project: Onondaga Lake SCA Final 
Design Project No.: GJ4299 Task No.: 17

GA090716/SCA Operational Surface Water 

Table 3 –Discharge Rates with Six Inches of Freeboard for Reaches 

Section R1B R1C R2B R2C R3B R3C R4B 

Area (sq. ft) 63.9 62.6 24.5 23.8 58.8 63.3 48.7 

Wetted Perimeter (ft) 25.7 24.7 16.8 16.7 24.1 24.7 21.9 

Longitudinal Slope (ft/ft) 0.0010 0.0045 0.0002 0.0067 0.0028 0.0079 0.0103 

Discharge Capacity (gpm) 100,000 210,000 12,000 66,000 150,000 280,000 230,000

Table 4 – Minimum Freeboard for Reaches of Temporary Perimeter Channels 

� Temporary Perimeter Basin – The temporary perimeter basins are shown as TB1 and 
TB2 in the HydroCAD nodal diagram and Figure 1. There are two temporary 
perimeter basins available in the temporary perimeter channels. The water flowing to 
these two basins is divided by the two high points in the temporary perimeter 
channels (i.e., where R4B and R1B start and where R3B and R2B start). An 
elevation-storage relationship was developed for each of these temporary perimeter 
basins by calculating the surface area inside each temporary perimeter channel from 
the bottom to the top of the channel. This calculation assumes that above 433.3 ft 
Mean Surface Elevation (MSE) (where R4B and R1B start, which is the highest point 
in the temporary perimeter channels) the temporary perimeter basins are not 
connected. These two elevation-storage relationships are summarized below in Table 
5. The minimum freeboard in these basins for the 25-year, 24-hour storm is shown 
below in Table 6. 

Table 5 – Elevation-Storage Relationship for Temporary Perimeter Basins 

Elevation (ft) 426 427 428 429 430 431 432 433 434 

TB1 Storage (acre-ft) 0 0 0 0 0 0.14 0.42 0.90 1.6 

TB2 Storage (acre-ft) 0 0.01 0.06 0.16 0.34 0.60 1.0 1.5 2.2 

Reach R1B  R1C R2B R2C R3B R3C R4B 

Freeboard (ft) 3.7 4.1 1.9 2.0 3.9 4.1 3.9 
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Table 6 – Minimum Freeboard for Temporary Perimeter Basins 

Temporary Basin TB1 TB2 

Freeboard (ft) 0.61 0.86 

� Perimeter Culverts – The perimeter culverts are shown as AxB” and CxD” in Figure 
1.  As indicated previously, these culverts were modeled as outfall structures for the 
temporary perimeter basins and therefore do not appear in the HydroCAD nodal 
diagram. These are culverts in place to convey the water stored in the temporary 
perimeter basins to the detention basins. These culverts were modeled as outlet 
structures at the lowest elevations in the detention basins and inlets approximately at 
the lowest elevations in the temporary perimeter channels. Both culverts, AxB” and 
CxD”, have the same specifications listed below and only vary in length. 

� Pipe Dimensions 
� No. of Pipes = 4 
� Pipe Diameter = 24” 

� Manning’s n = 0.013 (Round Concrete Pipe)�
� HDPE pipe is also an option as it typically has a smaller 

Manning’s n value, which results in greater discharge capacity. 
� Longitudinal Slope = 1% 

� Detention Basins – The detention basins are shown as EDB and WDB in the 
HydroCAD nodal diagram and Figure 1; the catchment area corresponding to these 
detention basins is shown as EA and WA. The detention basins on the western and 
eastern sides on the exterior of the SCA perimeter dike are designed, in combination 
with the temporary perimeter basins, to store all of the runoff from the side slopes and 
the top of the geo-tubes during the 25-year, 24-hour design storm. These two 
elevation-storage relationships are summarized below in Table 7. The minimum 
freeboard for the 25-year, 24-hour storm is shown below in Table 8.

Table 7 – Elevation-Storage Relationship for Detention Basins 

Elevation (ft) 424 425 426 427 428 429 430 431 432 433 434 

EDB Storage (acre-ft) 0 0 0 0 0 0.18 0.58 2.1 5.3 9.0 13 

WDB Storage (acre-ft) 0 0.10 0.31 0.77 1.5 2.6 4.3 6.4 8.6 11 13 
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Table 8 – Minimum Freeboard for Detention Basins 

Detention Basin EDB WDB 

Freeboard (ft) 0.61 0.86 

CONCLUSION 

The components of the surface water management system for operational conditions for the 
SCA are designed to convey and contain the calculated discharge from a 25-year, 24-hour 
design storm within the SCA perimeter dike and its detention (i.e., stormwater) basins with a 
minimum freeboard of six inches. In addition, each reach of the temporary perimeter channels 
is designed to convey a filtrate and consolidation water flow rate of 6000 gpm while 
maintaining a minimum of six inches of freeboard.This package addresses surface water 
management within the limits of the SCA perimeter dike during operational conditions, and 
does not address how surface water management will be implemented outside the limits of the 
SCA perimeter dike, which will be addressed separately. Additional planning and control 
measures may be needed depending on the geo-tube phasing as localized ponding may occur 
within the SCA during operational conditions, which could require the use of portable pumping 
units. 
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Attachment 1 – Rainfall Distributions 
(TR-55, SCS, 1986) 
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Site Location
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Attachment 2 – Rainfall Depths 
(TR-55, SCS, 1986) 
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Attachment 3 – Nodal Diagram 
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HydroCAD® 9.10  s/n 00929  © 2009 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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Attachment 4 – HydroCAD Analysis 



interm_25yr
  Printed  12/17/2009Prepared by Geosyntec Consultants
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

6.250 98   (EA, WA)
63.660 98 Geotubes Cover  (S1A, S1B, S1C, S2A, S2B, S2C, S3A, S3B, S3C, S4A, S4B)
69.910 TOTAL AREA
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B
0.000 HSG C
0.000 HSG D

69.910 Other EA, S1A, S1B, S1C, S2A, S2B, S2C, S3A, S3B, S3C, S4A, S4B, WA
69.910 TOTAL AREA
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Pipe Listing (all nodes)

Line# Node
Number

In-Invert
(feet)

Out-Invert
(feet)

Length
(feet)

Slope
(ft/ft)

n Diam/Width
(inches)

Height
(inches)

Fill
(inches)

1 TB1 429.61 429.00 61.0 0.0100 0.013 24.0 0.0 0.0
2 TB2 424.89 424.00 89.0 0.0100 0.013 24.0 0.0 0.0
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Time span=0.00-120.00 hrs, dt=0.01 hrs, 12001 points
Runoff by SCS TR-20 method, UH=SCS

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=3.860 ac   100.00% Impervious   Runoff Depth=4.16"Subcatchment EA: East Area
   Tc=5.0 min   CN=98   Runoff=24.92 cfs  1.339 af

Runoff Area=7.910 ac   100.00% Impervious   Runoff Depth=4.16"Subcatchment S1A: Top 1
   Flow Length=1,051'   Tc=20.9 min   CN=98   Runoff=31.79 cfs  2.745 af

Runoff Area=2.370 ac   100.00% Impervious   Runoff Depth=4.16"Subcatchment S1B: Side 1B
   Flow Length=85'   Tc=5.0 min   CN=98   Runoff=15.30 cfs  0.822 af

Runoff Area=1.070 ac   100.00% Impervious   Runoff Depth=4.16"Subcatchment S1C: Side 1C
   Flow Length=85'   Tc=5.0 min   CN=98   Runoff=6.91 cfs  0.371 af

Runoff Area=14.380 ac   100.00% Impervious   Runoff Depth=4.16"Subcatchment S2A: Top 2
   Flow Length=1,536'   Tc=24.4 min   CN=98   Runoff=53.13 cfs  4.990 af

Runoff Area=1.050 ac   100.00% Impervious   Runoff Depth=4.16"Subcatchment S2B: Side 2B
   Flow Length=85'   Tc=5.0 min   CN=98   Runoff=6.78 cfs  0.364 af

Runoff Area=2.680 ac   100.00% Impervious   Runoff Depth=4.16"Subcatchment S2C: Side 2C
   Flow Length=1,055'   Tc=16.2 min   CN=98   Runoff=12.25 cfs  0.930 af

Runoff Area=18.290 ac   100.00% Impervious   Runoff Depth=4.16"Subcatchment S3A: Top 3
   Flow Length=1,658'   Tc=24.4 min   CN=98   Runoff=67.58 cfs  6.347 af

Runoff Area=1.960 ac   100.00% Impervious   Runoff Depth=4.16"Subcatchment S3B: Side 3B
   Flow Length=85'   Tc=5.0 min   CN=98   Runoff=12.65 cfs  0.680 af

Runoff Area=3.000 ac   100.00% Impervious   Runoff Depth=4.16"Subcatchment S3C: Side 3C
   Flow Length=1,040'   Tc=15.8 min   CN=98   Runoff=13.85 cfs  1.041 af

Runoff Area=9.790 ac   100.00% Impervious   Runoff Depth=4.16"Subcatchment S4A: Top 4
   Flow Length=1,159'   Tc=21.2 min   CN=98   Runoff=39.12 cfs  3.397 af

Runoff Area=1.160 ac   100.00% Impervious   Runoff Depth=4.16"Subcatchment S4B: Side 4B
   Flow Length=85'   Tc=5.0 min   CN=98   Runoff=7.49 cfs  0.403 af

Runoff Area=2.390 ac   100.00% Impervious   Runoff Depth=4.16"Subcatchment WA: West Area
   Tc=5.0 min   CN=98   Runoff=15.43 cfs  0.829 af

Avg. Flow Depth=0.66'   Max Vel=1.29 fps   Inflow=15.30 cfs  0.822 afReach R1B: Ditch 1B
n=0.025   L=1,251.0'   S=0.0010 '/'   Capacity=280.47 cfs   Outflow=8.59 cfs  0.822 af

Avg. Flow Depth=0.57'   Max Vel=2.47 fps   Inflow=14.11 cfs  1.194 afReach R1C: Ditch 1C
n=0.025   L=638.0'   S=0.0045 '/'   Capacity=642.07 cfs   Outflow=12.67 cfs  1.194 af

Avg. Flow Depth=0.73'   Max Vel=0.66 fps   Inflow=6.78 cfs  0.364 afReach R2B: Ditch 2B
n=0.025   L=528.0'   S=0.0002 '/'   Capacity=40.65 cfs   Outflow=4.20 cfs  0.364 af
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Avg. Flow Depth=0.54'   Max Vel=2.90 fps   Inflow=16.18 cfs  1.294 afReach R2C: Ditch 2C
n=0.025   L=1,175.0'   S=0.0067 '/'   Capacity=219.74 cfs   Outflow=13.83 cfs  1.294 af

Avg. Flow Depth=0.66'   Max Vel=2.06 fps   Inflow=12.65 cfs  0.680 afReach R3B: Ditch 3B
n=0.025   L=1,033.0'   S=0.0028 '/'   Capacity=406.82 cfs   Outflow=9.40 cfs  0.680 af

Avg. Flow Depth=0.67'   Max Vel=3.55 fps   Inflow=22.46 cfs  1.721 afReach R3C: Ditch 3C
n=0.025   L=1,093.0'   S=0.0079 '/'   Capacity=834.84 cfs   Outflow=20.36 cfs  1.721 af

Avg. Flow Depth=0.23'   Max Vel=3.43 fps   Inflow=7.49 cfs  0.403 afReach R4B: Ditch 4B
n=0.025   L=750.0'   S=0.0103 '/'   Capacity=611.76 cfs   Outflow=6.53 cfs  0.403 af

Peak Elev=433.39'  Storage=10.431 af   Inflow=82.79 cfs  10.431 afPond EDB: East Basin
   Outflow=0.00 cfs  0.000 af

Peak Elev=433.39'  Storage=1.133 af   Inflow=107.51 cfs  10.223 afPond TB1: Temp Basin 1
24.0"  Round Culvert x 4.00  n=0.013  L=61.0'  S=0.0100 '/'   Outflow=79.94 cfs  9.092 af

Peak Elev=433.14'  Storage=1.551 af   Inflow=127.80 cfs  11.868 afPond TB2: Temp Basin 2
24.0"  Round Culvert x 4.00  n=0.013  L=89.0'  S=0.0100 '/'   Outflow=91.95 cfs  10.320 af

Peak Elev=433.14'  Storage=11.150 af   Inflow=93.75 cfs  11.150 afPond WDB: West Basin
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 69.910 ac   Runoff Volume = 24.260 af   Average Runoff Depth = 4.16"
0.00% Pervious = 0.000 ac     100.00% Impervious = 69.910 ac
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Summary for Subcatchment EA: East Area

Runoff = 24.92 cfs @ 11.96 hrs,  Volume= 1.339 af,  Depth= 4.16"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-yr  Rainfall=4.40"

Area (ac) CN Description
* 3.860 98

3.860 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Pond Surface

Subcatchment EA: East Area

Runoff

Hydrograph

Time  (hours)
12011511010510095908580757065605550454035302520151050
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Type II 24-hr 25-yr
Rainfall=4.40"

Runoff Area=3.860 ac
Runoff Volume=1.339 af

Runoff Depth=4.16"
Tc=5.0 min

CN=98

24.92 cfs
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Summary for Subcatchment S1A: Top 1

Runoff = 31.79 cfs @ 12.12 hrs,  Volume= 2.745 af,  Depth= 4.16"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-yr  Rainfall=4.40"

Area (ac) CN Description
* 7.910 98 Geotubes Cover

7.910 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.4 300 0.0038 0.79 Sheet Flow, Sheet Flow
Smooth surfaces   n= 0.011   P2= 2.55"

9.5 666 0.0033 1.17 Shallow Concentrated Flow, Shallow Concentrated Flow
Paved   Kv= 20.3 fps

5.0 85 0.28 Direct Entry, Steps
20.9 1,051 Total

Subcatchment S1A: Top 1

Runoff

Hydrograph

Time  (hours)
12011511010510095908580757065605550454035302520151050
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Type II 24-hr 25-yr
Rainfall=4.40"

Runoff Area=7.910 ac
Runoff Volume=2.745 af

Runoff Depth=4.16"
Flow Length=1,051'

Tc=20.9 min
CN=98

31.79 cfs
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Summary for Subcatchment S1B: Side 1B

Runoff = 15.30 cfs @ 11.96 hrs,  Volume= 0.822 af,  Depth= 4.16"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-yr  Rainfall=4.40"

Area (ac) CN Description
* 2.370 98 Geotubes Cover

2.370 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 85 0.28 Direct Entry, Steps

Subcatchment S1B: Side 1B

Runoff

Hydrograph

Time  (hours)
12011511010510095908580757065605550454035302520151050
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Type II 24-hr 25-yr
Rainfall=4.40"

Runoff Area=2.370 ac
Runoff Volume=0.822 af

Runoff Depth=4.16"
Flow Length=85'

Tc=5.0 min
CN=98

15.30 cfs
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Summary for Subcatchment S1C: Side 1C

Runoff = 6.91 cfs @ 11.96 hrs,  Volume= 0.371 af,  Depth= 4.16"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-yr  Rainfall=4.40"

Area (ac) CN Description
* 1.070 98 Geotubes Cover

1.070 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 85 0.28 Direct Entry, Steps

Subcatchment S1C: Side 1C

Runoff

Hydrograph

Time  (hours)
12011511010510095908580757065605550454035302520151050
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Type II 24-hr 25-yr
Rainfall=4.40"

Runoff Area=1.070 ac
Runoff Volume=0.371 af

Runoff Depth=4.16"
Flow Length=85'

Tc=5.0 min
CN=98

6.91 cfs
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Summary for Subcatchment S2A: Top 2

Runoff = 53.13 cfs @ 12.17 hrs,  Volume= 4.990 af,  Depth= 4.16"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-yr  Rainfall=4.40"

Area (ac) CN Description
* 14.380 98 Geotubes Cover

14.380 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.2 300 0.0062 0.96 Sheet Flow, Sheet Flow
Smooth surfaces   n= 0.011   P2= 2.55"

14.2 1,151 0.0044 1.35 Shallow Concentrated Flow, Shallow Concentrated Flow
Paved   Kv= 20.3 fps

5.0 85 0.28 Direct Entry, Steps
24.4 1,536 Total

Subcatchment S2A: Top 2

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr 25-yr
Rainfall=4.40"

Runoff Area=14.380 ac
Runoff Volume=4.990 af

Runoff Depth=4.16"
Flow Length=1,536'

Tc=24.4 min
CN=98

53.13 cfs
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Summary for Subcatchment S2B: Side 2B

Runoff = 6.78 cfs @ 11.96 hrs,  Volume= 0.364 af,  Depth= 4.16"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-yr  Rainfall=4.40"

Area (ac) CN Description
* 1.050 98 Geotubes Cover

1.050 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 85 0.28 Direct Entry, Steps

Subcatchment S2B: Side 2B

Runoff

Hydrograph

Time  (hours)
12011511010510095908580757065605550454035302520151050
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Type II 24-hr 25-yr
Rainfall=4.40"

Runoff Area=1.050 ac
Runoff Volume=0.364 af

Runoff Depth=4.16"
Flow Length=85'

Tc=5.0 min
CN=98

6.78 cfs
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Summary for Subcatchment S2C: Side 2C

Runoff = 12.25 cfs @ 12.08 hrs,  Volume= 0.930 af,  Depth= 4.16"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-yr  Rainfall=4.40"

Area (ac) CN Description
* 2.680 98 Geotubes Cover

2.680 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.6 300 0.0083 1.08 Sheet Flow, Sheet Flow
Smooth surfaces   n= 0.011   P2= 2.55"

6.6 670 0.0069 1.69 Shallow Concentrated Flow, Shallow Concentrated
Paved   Kv= 20.3 fps

5.0 85 0.28 Direct Entry, Steps
16.2 1,055 Total

Subcatchment S2C: Side 2C

Runoff

Hydrograph

Time  (hours)
12011511010510095908580757065605550454035302520151050
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Type II 24-hr 25-yr
Rainfall=4.40"

Runoff Area=2.680 ac
Runoff Volume=0.930 af

Runoff Depth=4.16"
Flow Length=1,055'

Tc=16.2 min
CN=98

12.25 cfs
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Summary for Subcatchment S3A: Top 3

Runoff = 67.58 cfs @ 12.17 hrs,  Volume= 6.347 af,  Depth= 4.16"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-yr  Rainfall=4.40"

Area (ac) CN Description
* 18.290 98 Geotubes Cover

18.290 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.3 300 0.0061 0.95 Sheet Flow, Sheet Flow
Smooth surfaces   n= 0.011   P2= 2.55"

14.1 1,273 0.0055 1.51 Shallow Concentrated Flow, Shallow Concentrated Flow
Paved   Kv= 20.3 fps

5.0 85 0.28 Direct Entry, Steps
24.4 1,658 Total

Subcatchment S3A: Top 3

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr 25-yr
Rainfall=4.40"

Runoff Area=18.290 ac
Runoff Volume=6.347 af

Runoff Depth=4.16"
Flow Length=1,658'

Tc=24.4 min
CN=98

67.58 cfs



Type II 24-hr 25-yr  Rainfall=4.40"interm_25yr
  Printed  12/17/2009Prepared by Geosyntec Consultants

Page 15HydroCAD® 9.10  s/n 00929  © 2009 HydroCAD Software Solutions LLC

Summary for Subcatchment S3B: Side 3B

Runoff = 12.65 cfs @ 11.96 hrs,  Volume= 0.680 af,  Depth= 4.16"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-yr  Rainfall=4.40"

Area (ac) CN Description
* 1.960 98 Geotubes Cover

1.960 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 85 0.28 Direct Entry, Steps

Subcatchment S3B: Side 3B

Runoff

Hydrograph

Time  (hours)
12011511010510095908580757065605550454035302520151050
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Type II 24-hr 25-yr
Rainfall=4.40"

Runoff Area=1.960 ac
Runoff Volume=0.680 af

Runoff Depth=4.16"
Flow Length=85'

Tc=5.0 min
CN=98

12.65 cfs
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Summary for Subcatchment S3C: Side 3C

Runoff = 13.85 cfs @ 12.07 hrs,  Volume= 1.041 af,  Depth= 4.16"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-yr  Rainfall=4.40"

Area (ac) CN Description
* 3.000 98 Geotubes Cover

3.000 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.3 300 0.0098 1.15 Sheet Flow, Sheet Flow
Smooth surfaces   n= 0.011   P2= 2.55"

6.5 655 0.0069 1.69 Shallow Concentrated Flow, Shallow Concentrated
Paved   Kv= 20.3 fps

5.0 85 0.28 Direct Entry, Steps
15.8 1,040 Total

Subcatchment S3C: Side 3C

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr 25-yr
Rainfall=4.40"

Runoff Area=3.000 ac
Runoff Volume=1.041 af

Runoff Depth=4.16"
Flow Length=1,040'

Tc=15.8 min
CN=98

13.85 cfs
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Summary for Subcatchment S4A: Top 4

Runoff = 39.12 cfs @ 12.13 hrs,  Volume= 3.397 af,  Depth= 4.16"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-yr  Rainfall=4.40"

Area (ac) CN Description
* 9.790 98 Geotubes Cover

9.790 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 300 0.0043 0.83 Sheet Flow, Sheet Flow
Smooth surfaces   n= 0.011   P2= 2.55"

10.2 774 0.0039 1.27 Shallow Concentrated Flow, Shallow Concentrated Flow
Paved   Kv= 20.3 fps

5.0 85 0.28 Direct Entry, Steps
21.2 1,159 Total

Subcatchment S4A: Top 4

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr 25-yr
Rainfall=4.40"

Runoff Area=9.790 ac
Runoff Volume=3.397 af

Runoff Depth=4.16"
Flow Length=1,159'

Tc=21.2 min
CN=98

39.12 cfs
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Summary for Subcatchment S4B: Side 4B

Runoff = 7.49 cfs @ 11.96 hrs,  Volume= 0.403 af,  Depth= 4.16"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-yr  Rainfall=4.40"

Area (ac) CN Description
* 1.160 98 Geotubes Cover

1.160 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 85 0.28 Direct Entry, Steps

Subcatchment S4B: Side 4B

Runoff

Hydrograph

Time  (hours)
12011511010510095908580757065605550454035302520151050
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Type II 24-hr 25-yr
Rainfall=4.40"

Runoff Area=1.160 ac
Runoff Volume=0.403 af

Runoff Depth=4.16"
Flow Length=85'

Tc=5.0 min
CN=98

7.49 cfs
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Summary for Subcatchment WA: West Area

Runoff = 15.43 cfs @ 11.96 hrs,  Volume= 0.829 af,  Depth= 4.16"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-yr  Rainfall=4.40"

Area (ac) CN Description
* 2.390 98

2.390 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Pond Area

Subcatchment WA: West Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr 25-yr
Rainfall=4.40"

Runoff Area=2.390 ac
Runoff Volume=0.829 af

Runoff Depth=4.16"
Tc=5.0 min

CN=98

15.43 cfs
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Summary for Reach R1B: Ditch 1B

Inflow Area = 2.370 ac,100.00% Impervious,  Inflow Depth = 4.16"    for  25-yr event
Inflow = 15.30 cfs @ 11.96 hrs,  Volume= 0.822 af
Outflow = 8.59 cfs @ 12.03 hrs,  Volume= 0.822 af,  Atten= 44%,  Lag= 4.6 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Max. Velocity= 1.29 fps,  Min. Travel Time= 16.1 min
Avg. Velocity = 1.08 fps,  Avg. Travel Time= 19.3 min

Peak Storage= 8,318 cf @ 12.03 hrs
Average Depth at Peak Storage= 0.66'
Bank-Full Depth= 4.50',  Capacity at Bank-Full= 280.47 cfs

Custom stage-perimeter table,  n= 0.025
106 Intermediate values determined by Multi-point interpolation
Length= 1,251.0'   Slope= 0.0010 '/'
Inlet Invert= 433.30',  Outlet Invert= 432.00'

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)
0.00 0.0 0.0 0 0.00
0.50 4.7 11.1 5,896 5.13
1.00 10.9 14.0 13,636 17.68
1.50 18.0 15.9 22,518 37.46
2.00 25.8 17.9 32,276 63.08
2.50 34.3 19.8 42,909 94.80
3.00 43.5 21.8 54,419 132.11
3.50 53.3 23.7 66,678 175.31
4.00 63.9 25.7 79,946 224.75
4.50 75.1 27.6 93,950 280.47
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Reach R1B: Ditch 1B

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=2.370 ac
Avg. Flow Depth=0.66'

Max Vel=1.29 fps
n=0.025

L=1,251.0'
S=0.0010 '/'

Capacity=280.47 cfs

15.30 cfs

8.59 cfs
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Summary for Reach R1C: Ditch 1C

[61] Hint: Exceeded Reach R1B outlet invert by 0.57' @ 12.03 hrs

Inflow Area = 3.440 ac,100.00% Impervious,  Inflow Depth = 4.16"    for  25-yr event
Inflow = 14.11 cfs @ 11.98 hrs,  Volume= 1.194 af
Outflow = 12.67 cfs @ 12.03 hrs,  Volume= 1.194 af,  Atten= 10%,  Lag= 2.8 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.47 fps,  Min. Travel Time= 4.3 min
Avg. Velocity = 2.25 fps,  Avg. Travel Time= 4.7 min

Peak Storage= 3,277 cf @ 12.03 hrs
Average Depth at Peak Storage= 0.57'
Bank-Full Depth= 5.00',  Capacity at Bank-Full= 642.07 cfs

Custom stage-perimeter table,  n= 0.025
100 Intermediate values determined by Multi-point interpolation
Length= 638.0'   Slope= 0.0045 '/'
Inlet Invert= 432.00',  Outlet Invert= 429.15'

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)
0.00 0.0 0.0 0 0.00
0.50 4.3 10.1 2,743 9.67
1.00 9.9 12.9 6,316 32.97
1.50 16.4 14.7 10,463 70.08
2.00 23.6 16.6 15,057 118.54
2.50 31.4 18.4 20,033 178.14
3.00 39.8 20.3 25,392 247.68
3.50 48.8 22.1 31,134 328.75
4.00 58.5 23.9 37,323 422.10
4.50 68.8 25.8 43,894 525.60
5.00 79.7 27.6 50,849 642.07
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Reach R1C: Ditch 1C
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Inflow Area=3.440 ac
Avg. Flow Depth=0.57'

Max Vel=2.47 fps
n=0.025
L=638.0'

S=0.0045 '/'
Capacity=642.07 cfs

14.11 cfs

12.67 cfs
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Summary for Reach R2B: Ditch 2B

Inflow Area = 1.050 ac,100.00% Impervious,  Inflow Depth = 4.16"    for  25-yr event
Inflow = 6.78 cfs @ 11.96 hrs,  Volume= 0.364 af
Outflow = 4.20 cfs @ 12.03 hrs,  Volume= 0.364 af,  Atten= 38%,  Lag= 4.2 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Max. Velocity= 0.66 fps,  Min. Travel Time= 13.4 min
Avg. Velocity = 0.52 fps,  Avg. Travel Time= 16.9 min

Peak Storage= 3,373 cf @ 12.03 hrs
Average Depth at Peak Storage= 0.73'
Bank-Full Depth= 2.50',  Capacity at Bank-Full= 40.65 cfs

Custom stage-perimeter table,  n= 0.025
100 Intermediate values determined by Multi-point interpolation
Length= 528.0'   Slope= 0.0002 '/'
Inlet Invert= 437.13',  Outlet Invert= 437.00'

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)
0.00 0.0 0.0 0 0.00
0.50 3.9 9.4 2,059 2.02
1.00 9.3 12.4 4,910 7.16
1.50 15.8 14.6 8,342 15.53
2.00 22.9 16.4 12,091 26.68
2.50 30.8 18.3 16,262 40.65
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Reach R2B: Ditch 2B
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Inflow Area=1.050 ac
Avg. Flow Depth=0.73'

Max Vel=0.66 fps
n=0.025
L=528.0'

S=0.0002 '/'
Capacity=40.65 cfs

6.78 cfs

4.20 cfs
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Summary for Reach R2C: Ditch 2C

[61] Hint: Exceeded Reach R2B outlet invert by 0.54' @ 12.14 hrs

Inflow Area = 3.730 ac,100.00% Impervious,  Inflow Depth = 4.16"    for  25-yr event
Inflow = 16.18 cfs @ 12.06 hrs,  Volume= 1.294 af
Outflow = 13.83 cfs @ 12.14 hrs,  Volume= 1.294 af,  Atten= 14%,  Lag= 4.7 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.90 fps,  Min. Travel Time= 6.8 min
Avg. Velocity = 2.75 fps,  Avg. Travel Time= 7.1 min

Peak Storage= 5,604 cf @ 12.14 hrs
Average Depth at Peak Storage= 0.54'
Bank-Full Depth= 2.50',  Capacity at Bank-Full= 219.74 cfs

Custom stage-perimeter table,  n= 0.025
100 Intermediate values determined by Multi-point interpolation
Length= 1,175.0'   Slope= 0.0067 '/'
Inlet Invert= 437.00',  Outlet Invert= 429.15'

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)
0.00 0.0 0.0 0 0.00
0.50 4.3 10.1 5,053 11.82
1.00 9.9 13.0 11,633 40.11
1.50 16.6 14.9 19,505 86.67
2.00 23.8 16.7 27,965 146.44
2.50 31.7 18.6 37,248 219.74
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Reach R2C: Ditch 2C
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Inflow Area=3.730 ac
Avg. Flow Depth=0.54'

Max Vel=2.90 fps
n=0.025

L=1,175.0'
S=0.0067 '/'

Capacity=219.74 cfs

16.18 cfs

13.83 cfs
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Summary for Reach R3B: Ditch 3B

Inflow Area = 1.960 ac,100.00% Impervious,  Inflow Depth = 4.16"    for  25-yr event
Inflow = 12.65 cfs @ 11.96 hrs,  Volume= 0.680 af
Outflow = 9.40 cfs @ 12.01 hrs,  Volume= 0.680 af,  Atten= 26%,  Lag= 3.3 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.06 fps,  Min. Travel Time= 8.3 min
Avg. Velocity = 1.73 fps,  Avg. Travel Time= 10.0 min

Peak Storage= 4,709 cf @ 12.01 hrs
Average Depth at Peak Storage= 0.66'
Bank-Full Depth= 4.50',  Capacity at Bank-Full= 406.82 cfs

Custom stage-perimeter table,  n= 0.025
106 Intermediate values determined by Multi-point interpolation
Length= 1,033.0'   Slope= 0.0028 '/'
Inlet Invert= 437.13',  Outlet Invert= 434.20'

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)
0.00 0.0 0.0 0 0.00
0.50 3.1 7.7 3,215 5.41
1.00 7.6 10.7 7,851 19.15
1.50 13.4 13.6 13,842 42.00
2.00 20.7 16.3 21,383 76.85
2.50 28.7 18.2 29,647 123.09
3.00 37.4 20.0 38,634 179.71
3.50 46.8 21.9 48,344 245.80
4.00 56.8 23.8 58,680 321.17
4.50 67.4 25.6 69,624 406.82
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Reach R3B: Ditch 3B
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Inflow Area=1.960 ac
Avg. Flow Depth=0.66'

Max Vel=2.06 fps
n=0.025

L=1,033.0'
S=0.0028 '/'

Capacity=406.82 cfs

12.65 cfs

9.40 cfs
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Summary for Reach R3C: Ditch 3C

[62] Hint: Exceeded Reach R3B OUTLET depth by 0.22' @ 12.26 hrs

Inflow Area = 4.960 ac,100.00% Impervious,  Inflow Depth = 4.16"    for  25-yr event
Inflow = 22.46 cfs @ 12.04 hrs,  Volume= 1.721 af
Outflow = 20.36 cfs @ 12.10 hrs,  Volume= 1.721 af,  Atten= 9%,  Lag= 3.5 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.55 fps,  Min. Travel Time= 5.1 min
Avg. Velocity = 2.94 fps,  Avg. Travel Time= 6.2 min

Peak Storage= 6,275 cf @ 12.10 hrs
Average Depth at Peak Storage= 0.67'
Bank-Full Depth= 5.00',  Capacity at Bank-Full= 834.84 cfs

Custom stage-perimeter table,  n= 0.025
100 Intermediate values determined by Multi-point interpolation
Length= 1,093.0'   Slope= 0.0079 '/'
Inlet Invert= 434.20',  Outlet Invert= 425.57'

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)
0.00 0.0 0.0 0 0.00
0.50 3.9 9.4 4,263 11.46
1.00 9.2 12.4 10,056 39.82
1.50 15.7 14.4 17,160 87.84
2.00 22.7 16.3 24,811 149.52
2.50 30.4 18.1 33,227 226.87
3.00 38.8 19.9 42,408 319.83
3.50 47.7 21.8 52,136 424.62
4.00 57.3 23.6 62,629 546.71
4.50 67.5 25.5 73,778 682.21
5.00 78.3 27.3 85,582 834.84
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Reach R3C: Ditch 3C
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Inflow Area=4.960 ac
Avg. Flow Depth=0.67'

Max Vel=3.55 fps
n=0.025

L=1,093.0'
S=0.0079 '/'

Capacity=834.84 cfs

22.46 cfs

20.36 cfs
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Summary for Reach R4B: Ditch 4B

Inflow Area = 1.160 ac,100.00% Impervious,  Inflow Depth = 4.16"    for  25-yr event
Inflow = 7.49 cfs @ 11.96 hrs,  Volume= 0.403 af
Outflow = 6.53 cfs @ 11.99 hrs,  Volume= 0.403 af,  Atten= 13%,  Lag= 2.2 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.43 fps,  Min. Travel Time= 3.6 min
Avg. Velocity = 3.43 fps,  Avg. Travel Time= 3.6 min

Peak Storage= 1,427 cf @ 11.99 hrs
Average Depth at Peak Storage= 0.23'
Bank-Full Depth= 4.00',  Capacity at Bank-Full= 611.76 cfs

Custom stage-perimeter table,  n= 0.025
104 Intermediate values determined by Multi-point interpolation
Length= 750.0'   Slope= 0.0103 '/'
Inlet Invert= 433.30',  Outlet Invert= 425.57'

Depth End Area Perim. Storage Discharge
(feet) (sq-ft) (feet) (cubic-feet) (cfs)
0.00 0.0 0.0 0 0.00
0.50 4.2 9.8 3,150 14.41
1.00 9.6 12.3 7,200 49.11
1.50 15.8 14.1 11,850 102.86
2.00 22.6 16.0 16,950 171.69
2.50 30.1 17.8 22,575 257.81
3.00 38.2 19.7 28,650 358.45
3.50 46.9 21.5 35,175 476.03
4.00 56.3 23.3 42,225 611.76
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Reach R4B: Ditch 4B
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Inflow Area=1.160 ac
Avg. Flow Depth=0.23'

Max Vel=3.43 fps
n=0.025
L=750.0'

S=0.0103 '/'
Capacity=611.76 cfs

7.49 cfs

6.53 cfs
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Summary for Pond EDB: East Basin

Inflow Area = 33.320 ac,100.00% Impervious,  Inflow Depth = 3.76"    for  25-yr event
Inflow = 82.79 cfs @ 12.23 hrs,  Volume= 10.431 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Peak Elev= 433.39' @ 120.00 hrs   Surf.Area= 3.785 ac   Storage= 10.431 af

Plug-Flow detention time= (not calculated: initial storage excedes outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description
#1 428.00' 12.773 af Custom Stage Data (Conic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store Wet.Area
(feet) (acres) (acre-feet) (acre-feet) (acres)

428.00 0.092 0.000 0.000 0.092
429.00 0.275 0.175 0.175 0.275
430.00 0.559 0.409 0.584 0.559
431.00 2.764 1.522 2.106 2.764
432.00 3.627 3.186 5.292 3.628
433.00 3.740 3.683 8.975 3.746
433.30 3.775 1.127 10.102 3.782
433.50 3.798 0.757 10.860 3.806
434.00 3.856 1.913 12.773 3.866

Pond EDB: East Basin

Inflow
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Inflow Area=33.320 ac
Peak Elev=433.39'
Storage=10.431 af

82.79 cfs
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Summary for Pond TB1: Temp Basin 1

[63] Warning: Exceeded Reach R1C INLET depth by 1.39' @ 26.25 hrs
[62] Hint: Exceeded Reach R2C OUTLET depth by 4.24' @ 26.09 hrs

Inflow Area = 29.460 ac,100.00% Impervious,  Inflow Depth = 4.16"    for  25-yr event
Inflow = 107.51 cfs @ 12.14 hrs,  Volume= 10.223 af
Outflow = 79.94 cfs @ 12.23 hrs,  Volume= 9.092 af,  Atten= 26%,  Lag= 5.5 min
Primary = 79.94 cfs @ 12.23 hrs,  Volume= 9.092 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Peak Elev= 433.39' @ 26.02 hrs   Surf.Area= 0.696 ac   Storage= 1.133 af

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= (not calculated: outflow precedes inflow)

Volume Invert Avail.Storage Storage Description
#1 430.00' 1.633 af Custom Stage Data (Conic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store Wet.Area
(feet) (acres) (acre-feet) (acre-feet) (acres)

430.00 0.093 0.000 0.000 0.093
431.00 0.204 0.145 0.145 0.204
432.00 0.360 0.278 0.423 0.360
433.00 0.587 0.469 0.892 0.588
433.30 0.638 0.184 1.076 0.639
433.50 0.776 0.141 1.217 0.777
434.00 0.889 0.416 1.633 0.890

Device Routing     Invert Outlet Devices
#1 Primary 429.61' 24.0"  Round Culvert X 4.00

L= 61.0'   RCP, groove end projecting,  Ke= 0.200   
Inlet / Outlet Invert= 429.61' / 429.00'   S= 0.0100 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, straight & clean   

Primary OutFlow  Max=79.31 cfs @ 12.23 hrs  HW=433.17'  TW=431.96'   (Dynamic Tailwater)
1=Culvert  (Outlet Controls 79.31 cfs @ 6.31 fps)
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Pond TB1: Temp Basin 1
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Inflow Area=29.460 ac
Peak Elev=433.39'

Storage=1.133 af
24.0"

Round Culvert x 4.00
n=0.013
L=61.0'

S=0.0100 '/'

107.51 cfs

79.94 cfs
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Summary for Pond TB2: Temp Basin 2

[62] Hint: Exceeded Reach R3C OUTLET depth by 7.57' @ 25.35 hrs
[62] Hint: Exceeded Reach R4B OUTLET depth by 7.57' @ 25.30 hrs

Inflow Area = 34.200 ac,100.00% Impervious,  Inflow Depth = 4.16"    for  25-yr event
Inflow = 127.80 cfs @ 12.13 hrs,  Volume= 11.868 af
Outflow = 91.95 cfs @ 12.22 hrs,  Volume= 10.320 af,  Atten= 28%,  Lag= 5.3 min
Primary = 91.95 cfs @ 12.22 hrs,  Volume= 10.320 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Peak Elev= 433.14' @ 25.30 hrs   Surf.Area= 0.641 ac   Storage= 1.551 af

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= (not calculated: outflow precedes inflow)

Volume Invert Avail.Storage Storage Description
#1 426.00' 2.184 af Custom Stage Data (Conic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store Wet.Area
(feet) (acres) (acre-feet) (acre-feet) (acres)

426.00 0.003 0.000 0.000 0.003
427.00 0.027 0.013 0.013 0.027
428.00 0.072 0.048 0.061 0.072
429.00 0.135 0.102 0.163 0.135
430.00 0.216 0.174 0.336 0.217
431.00 0.315 0.264 0.600 0.316
432.00 0.417 0.365 0.965 0.419
433.00 0.583 0.498 1.463 0.585
433.30 0.708 0.193 1.656 0.710
433.50 0.725 0.143 1.800 0.727
434.00 0.812 0.384 2.184 0.815

Device Routing     Invert Outlet Devices
#1 Primary 424.89' 24.0"  Round Culvert X 4.00

L= 89.0'   RCP, groove end projecting,  Ke= 0.200   
Inlet / Outlet Invert= 424.89' / 424.00'   S= 0.0100 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, straight & clean   

Primary OutFlow  Max=91.05 cfs @ 12.22 hrs  HW=432.44'  TW=430.55'   (Dynamic Tailwater)
1=Culvert  (Outlet Controls 91.05 cfs @ 7.25 fps)
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Pond TB2: Temp Basin 2
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Inflow Area=34.200 ac
Peak Elev=433.14'

Storage=1.551 af
24.0"

Round Culvert x 4.00
n=0.013
L=89.0'

S=0.0100 '/'
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Summary for Pond WDB: West Basin

[80] Warning: Exceeded Pond TB2 by 0.01' @ 119.99 hrs (5.13 cfs 29.199 af) 

Inflow Area = 36.590 ac,100.00% Impervious,  Inflow Depth = 3.66"    for  25-yr event
Inflow = 93.75 cfs @ 12.22 hrs,  Volume= 11.150 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-120.00 hrs, dt= 0.01 hrs
Peak Elev= 433.14' @ 120.00 hrs   Surf.Area= 2.315 ac   Storage= 11.150 af

Plug-Flow detention time= (not calculated: initial storage excedes outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description
#1 424.00' 13.163 af Western Basin Data (Conic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store Wet.Area
(feet) (acres) (acre-feet) (acre-feet) (acres)

424.00 0.020 0.000 0.000 0.020
425.00 0.158 0.078 0.078 0.158
426.00 0.321 0.235 0.313 0.321
427.00 0.601 0.454 0.767 0.602
428.00 0.905 0.748 1.514 0.906
429.00 1.347 1.119 2.633 1.348
430.00 2.036 1.680 4.313 2.038
431.00 2.123 2.079 6.392 2.128
432.00 2.211 2.167 8.559 2.219
433.00 2.302 2.256 10.815 2.314
433.30 2.329 0.695 11.510 2.342
433.50 2.348 0.468 11.978 2.362
434.00 2.394 1.185 13.163 2.410
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Pond WDB: West Basin
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Inflow Area=36.590 ac
Peak Elev=433.14'
Storage=11.150 af
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Attachment 5 – Manning Coefficients 
(HydroCAD, 2005)
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FINAL COVER SYSTEM  
SURFACE WATER MANAGEMENT SYSTEM DESIGN 

BACKGROUND & PURPOSE 

This package was prepared in support of the design of the Sediment Consolidation Area 
(SCA) for the Onondaga Lake Bottom Site, which will be constructed on Wastebed 13 
(WB-13). Specifically, the package is intended to present the design and analysis of the 
surface water management system for the proposed final cover system of the SCA.  

The package addresses the surface water management system for the SCA final cover 
system. For purposes of the calculations conducted in this package, the SCA has a footprint 
corresponding to a capacity of up to 2.65 million cubic yards of dredge material within 
geotextile tubes (geo-tubes) surrounded by a perimeter dike (SCA perimeter dike). 

KEY CONSIDERATIONS AND LIMITATIONS 

This package addresses surface water management within the limits of the SCA perimeter 
dike. Surface water management outside the limits of the SCA perimeter dike will be 
addressed separately. 

The anticipated duration for placement of dredged material in geo-tubes is 4 years, at which 
time it is expected that the final cover system will be constructed. Settlement is expected to 
occur during the four-year operational period, and continue to occur, after the final cover 
system is constructed. The calculations performed herein were based on a “calculated four-
year post-settlement grade” of the SCA (i.e., at the time when the final cover system will be 
constructed) based on calculations presented in the package titled “Settlement Analyses for 
SCA” (Appendix H of the SCA Final Design). It is recognized that settlement of the SCA 
will continue to occur after the construction of the final cover system; however, the 
magnitude of the differential settlement is expected to be relatively small, based on 
calculations. Therefore, the design of the surface water management system presented herein 
does not consider the “calculated 30-year post-settlement grade”. Periodic visual inspections, 
maintenance activities, and repair of the components of the surface water management 
system will be specified in the Post-Closure Care Plan (Appendix O of the SCA Final 
Design) for the final cover system to address any deficiencies that might be identified during 
the design life of the SCA final cover system. 
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The vegetation type for the final cover system had not been selected at the time this package 
was prepared. Since vegetation may consist of either grass or willows, the design parameters 
have been conservatively selected to work for either case. 

REGULATORY & DESIGN CRITERIA 

The surface water management system is designed to manage the calculated runoff from a 
25-year, 24-hour design storm event as required by New York State Department of 
Environmental Conservation (NYSDEC) Regulations Section 360-2.7(b)(8)(ii). Specifically, 
the open-channel components of the surface water management system are designed to 
handle peak velocities of 5 ft/s from the design storm and convey the calculated discharges 
from the design storm event with a minimum freeboard of 6 inches. 

SURFACE WATER MANAGEMENT SYSTEM COMPONENTS 

The surface water management system of the SCA final cover system will include the 
components listed below and shown in Figure 1. 

� Riprap Chutes – Runoff from the top-deck will be collected by trapezoidal riprap 
chutes, which will be constructed along the side slopes. The riprap chutes will direct 
the runoff to the two culvert locations.

� Interception Benches (i.e., tack-on berms) – Runoff from the upper portion of the 
side slopes will be intercepted by interception benches, which will be constructed 
along the side slopes. The interception benches will direct the runoff to the two 
culvert locations.

� Toe Drainage Channels – Runoff from the lower portion of the side slopes will be 
collected by toe drainage channels, which will be excavated into the SCA perimeter 
dike. The toe drainage channels will direct the runoff to the two culvert locations.

� Perimeter Culverts – Perimeter culverts will be located at the two low-points of the 
toe drainage channels. These two locations will be the main confluence areas for all 
runoff from the top deck and side slopes as the riprap chutes, toe drainage channels, 
and interception benches discharge. The culverts will convey all the runoff through 
the dike to a location outside the limits of the final cover system.�
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ANALYSIS METHODOLOGY

Hydraulic and hydrologic analyses are conducted using methods presented in TR-20 (SCS, 
1983) and TR-55 (SCS, 1986). Analyses are conducted using the computer program 
HydroCADTM (HydroCAD, 2005). Computer program analyses are supplemented with other 
design calculation methods wherever applicable.

MAJOR ASSUMPTIONS 

� Subcatchment Properties – For purposes of the analyses conducted herein, the extent 
of the final cover system is divided into 12 subcatchments – four top-deck 
subcatchments (i.e., above the side slopes, S1A through S4A), four upper side-slope 
subcatchments (i.e., above the interception benches, S1B through S4B), and four 
lower side-slope subcatchments (i.e., below the interception benches, S1C through 
S4C). Tables 1, 2, and 3 summarize the important topographic features of the top-
deck, upper side-slope, and lower side-slope subcatchments, respectively, including: 
area, longest travel path, and elevation maxima and minima. 

Table 1 – Summary of Top-Deck Subcatchments

 S1A S2A S3A S4A 

Area (acres) 4.8 15.4 16.8 11.9 

Longest Path (ft) 805 1290 1350 1040 

Max. Elev. (ft) 461.0 462.0 462.0 461.0 

Min. Elev. (ft) 452.4 452.4 450.4 450.4 



 Page 4 of 25
Written 

by: Jesus Sanchez Date: 1/12/10 Reviewed by: Joseph Sura / 
Ganesh Krishnan Date: 1/12/10 

Client: Honeywell Project: Onondaga Lake SCA Final 
Design Project No.: GJ4299 Task No.: 18

GA090717/SCA Final Cover Surface Water 

Table 2 – Summary of Upper Side-Slope Subcatchments 

 S1B S2B S3B S4B 

Area (acres) 2.1 3.5 4.4 2.7 

Longest Path (ft) 117 117 143 143 

Max Elev. (ft) 452.4 452.4 450.4 450.4 

Min. Elev. (ft) 435.0 435.0 439.2 439.2 

Table 3 – Summary of Lower Side-Slope Subcatchments 

 S1C S2C S3C S4C 

Area (acres) 1.5 1.4 2.0 1.5 

Longest Path (ft) 93 80 80 93 

Max Elev. (ft) 457.0 459.0 459.0 457.0 

Min. Elev. (ft) 440.7 443.5 443.5 440.7 

� Manning Coefficients – For purposes of the calculations conducted herein, Manning 
Coefficients were adopted from the built-in database in HydroCADTM. The complete 
table is shown in Attachment 1 (HydroCAD, 2005).

� Hydrologic Soil Group (HSG) for Cover System – For purposes of this calculation, it 
is assumed that the final cover system soils are of HSG Type D (i.e., clay loam, silty 
clay loam, sandy clay, silty clay, or clay). This assumption will result in the most 
conservative estimate of the final cover runoff volumes as soils of HSG Type D result 
in the highest runoff quantity. For an extended description of HSG see Attachment 2 
(TR-55, SCS, 1986).

� Runoff Curve Number (CN) – The final cover system is expected to be well 
vegetated. CN = 80 is selected based on Open Space, Good Condition, HSG Type D 
from Attachment 2 (TR-55, SCS, 1986).

� Rainfall Distribution for Design Storm - As shown in Attachment 3 (TR-55, SCS, 
1986), the site is located in a region designated under a SCS Type II Rainfall 
Distribution.



 Page 5 of 25
Written 

by: Jesus Sanchez Date: 1/12/10 Reviewed by: Joseph Sura / 
Ganesh Krishnan Date: 1/12/10 

Client: Honeywell Project: Onondaga Lake SCA Final 
Design Project No.: GJ4299 Task No.: 18

GA090717/SCA Final Cover Surface Water 

� Rainfall Depth for Design Storm - Rainfall depths for 25-year and 2-year 24-hour 
design storm events were obtained from Attachment 4 (TR-55, SCS, 1986) and 
summarized below.�

Table 4 – Rainfall Depths for Design Storm Events 

Return Period 

(years) 

Rainfall Depth 

(inches)

2 2.55 

25 4.4 

HYDROLOGIC MODELING  

� Nodal Network Diagram – Attachment 5 presents a nodal network diagram showing 
the connectivity of the subcatchments and the surface water management system 
components listed below.

oS1A through S4A – Top-Deck Subcatchments 
oS1B through S4B – Upper Side-Slope Subcatchments 
oS1C through S4C – Lower Side-Slope Subcatchments 
oR1A through R2C – Riprap Chutes 
oB1 through B4 – Interception Benches 
oT1 through T4 – Toe Drainage Channels 
oC1 and C2 – Perimeter Culverts 

� Computer Modeling – A hydrologic analysis was conducted using the above described 
assumptions and the HydroCADTM (HydroCAD, 2005) computer program. The 
results of the modeling are presented in Attachment 6.�

DESIGN OF FINAL COVER SURFACE WATER MANAGEMENT SYSTEM 
COMPONENTS 

� Riprap Chutes – The riprap chutes are shown as R1A-R1B and R2A-R2B-R2C in the 
HydroCADTM nodal diagram and as R1X and R2X in Figure 1. R1X and R2X are 
segmented in multiple reaches in the HydroCADTM model because the slope of the 
riprap chutes changes at multiple locations. The riprap chutes are designed as 
trapezoidal channels that will convey discharges from the top deck to the perimeter 
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culverts. The design of the riprap chutes involved the selection of a riprap size that 
can withstand the calculated tractive stresses from the calculated peak inflow 
conditions from the western and eastern halves of the top-deck. Riprap was selected 
based on permissible tractive stress using an established method by Robinson et al. 
(1998). In using this method, the Manning’s n value is a function of flow rate, 
channel width, slope, and riprap size, thus Manning’s n is computed multiple times 
because both R1X and R2X have slope breaks. Attachment 7 provides the calculation 
for required riprap size for the steepest slope and the resulting Manning’s n value for 
each of the segmented sections of the riprap chutes. Based on this calculation, a 
riprap size with D50 = 6 inches is selected for design. Design summary is as follows: 

� Peak Design Inflow Q = 44 cfs (greater of R1A and R2A) 
� Available Channel Depth = 1.5 foot 
� Bottom Width of Chutes = 10 feet 
� Left Side Slope = 3H:1V 
� Right Side Slope = 3H:1V 
� Manning’s n (Riprap size with D50 = 6 inches) 

� R1X: R1A, n = 0.031; R1B, n = 0.049 
� R2X: R2A, n = 0.031; R2B, n = 0.050; R2C, n = 0.044 

� Calculated Maximum Depth of Flow = 0.90 ft @ R2A (available 
freeboard = 7 inches based on an available depth of 1.5 foot) 

� Interception Benches – The interception benches are shown as B1, B2, B3, and B4 in 
the HydroCADTM nodal diagram and Figure 1. Interception benches are designed to 
collect and convey the runoff from Upper Side-Slope subcatchments S1B, S2B, S3B, 
and S4B to the culverts. The benches are designed with the following properties.

� Available Channel Depth = 2 foot 
� Bottom Width of Chutes = 0 feet (V-Channel) 
� Left Side Slope = 2H:1V 
� Right Side Slope = Varies based on grading of top-deck areas 

� B1 and B2 = 4.7H:1V 
� B3 and B4 = 3.9H:1V 

�  Manning’s n = 0.030; Channel Lining = Grass�

The proposed dimensions and hydraulic properties of the interception benches are 
modeled within HydroCADTM (HydroCAD, 2005) (i.e., B1 through B4), and the peak 
flow depth and the peak velocities for the 25-year, 24-hour design storm for each 
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interception bench is calculated within the model. The table below summarizes the 
performance of the interception benches. As shown below, each bench has at least 6 
inches of freeboard during peak flow and is below the 5 ft/s allowable peak velocity. 

Table 5 – Summary of Interception Benches 

 B1 B2 B3 B4 

Peak Inflow (cfs) 7.6 13 15 9.2 

Minimum Freeboard (in) 14 12 11 13 

Peak Velocity (ft/s) 2.6 3.0 3.1 2.9 

� Toe Drainage Channel – The toe drainage channels are shown as T1, T2, T3, and T4 
in the HydroCADTM nodal diagram and Figure 1. Toe drainage channels will collect 
and convey the runoff from the side slopes to the two culvert locations. The channels 
are designed with the following properties:

� Available Channel Depth = 2 feet 
� Bottom Width of Chutes = 4 feet 
� Left Side Slope = 2H:1V
� Right Side Slope = 2H:1V 
� Manning’s n = 0.030; Channel Lining = Grass 

Toe drainage channels are modeled in HydroCADTM (HydroCAD, 2005) as T1, T2, 
T3, and T4. The proposed dimensions and hydraulic properties of the toe drainage 
channels are modeled within HydroCAD (i.e., T1 through T4), and the peak flow 
depth and the peak velocities for the 25-year, 24-hour design storm for each toe 
drainage channel is calculated within the model. The table below summarizes the 
performance of the toe drainage channels. As shown below, each channel has at least 
6” of freeboard during peak flow and is below the 5 ft/s allowable peak velocity.�
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Table 6 – Summary of Toe Drainage Channels 

 T1 T2 T3 T4 

Peak Inflow (cfs) 6.7 5.6 8.1 6.6 
Minimum Freeboard (in) 18 19 19 19 

Peak Velocity (ft/s) 1.9 1.6 1.8 1.8 

� Perimeter Culverts – The perimeter culverts are shown as C1 and C2 in the 
HydroCADTM nodal diagram and Figure 1. Perimeter culverts will be located at two 
locations across the SCA perimeter dike at the low-points of the toe drainage channel. 
It is assumed that the discharge conveyed by these culverts to outside the limits of the 
SCA dike will be managed as part of the Wastebeds 9 through 15 Closure. Therefore, 
at this time, nodes C1 and C2 are modeled as “dummy nodes” in HydroCADTM

(HydroCAD, 2005). However, for planning purposes, calculations were performed to 
identify the number and diameter of the pipes required to convey the peak discharge.  
The following assumptions were required for these calculations: 

oDesign Q = 55 cfs (greater of C1 and C2) 
oManning’s n = 0.013; Concrete Pipe, straight & clean 
oLongitudinal Slope = 0.01 ft/ft (Assumed Minimum Slope) 

Given these assumptions, six 18-inch diameter pipes are required. 

CONCLUSION 

The components of the proposed final cover surface water management system for the SCA 
were designed to convey the calculated discharges from a 25-year, 24-hour design storm. This 
package addresses surface water management within the limits of the SCA perimeter dike, and 
does not address how surface water management will be implemented outside the limits of the 
SCA perimeter dike, which will be addressed separately. 
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Attachment 1 – Manning Coefficients 
(HydroCAD, 2005)
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Attachment 2 – Hydrologic Soil Groups 
and Runoff Curve Numbers 

(TR-55, SCS, 1986)
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Attachment 3 – Rainfall Distributions 
(TR-55, SCS, 1986) 
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Site Location
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Attachment 4 – Rainfall Depths 
(TR-55, SCS, 1986)
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Site Location
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Attachment 5 – Nodal Network Diagram 
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

67.994 80   (S1A, S1B, S1C, S2A, S2B, S2C, S3A, S3B, S3C, S4A, S4B, S4C)
67.994 TOTAL AREA
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B
0.000 HSG C
0.000 HSG D

67.994 Other S1A, S1B, S1C, S2A, S2B, S2C, S3A, S3B, S3C, S4A, S4B, S4C
67.994 TOTAL AREA
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Pipe Listing (all nodes)

Line# Node
Number

In-Invert
(feet)

Out-Invert
(feet)

Length
(feet)

Slope
(ft/ft)

n Diam/Width
(inches)

Height
(inches)

Fill
(inches)

1 C1 432.24 431.24 100.0 0.0100 0.013 18.0 0.0 0.0
2 C2 431.07 430.07 100.0 0.0100 0.013 18.0 0.0 0.0
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Time span=0.00-36.00 hrs, dt=0.01 hrs, 3601 points
Runoff by SCS TR-20 method, UH=SCS

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=4.838 ac   0.00% Impervious   Runoff Depth=2.38"Subcatchment S1A: Top Deck 1
   Flow Length=805'   Tc=36.3 min   CN=80   Runoff=8.76 cfs  0.958 af

Runoff Area=2.071 ac   0.00% Impervious   Runoff Depth=2.38"Subcatchment S1B: Upper Side 1
   Flow Length=117'   Tc=10.1 min   CN=80   Runoff=7.55 cfs  0.410 af

Runoff Area=1.537 ac   0.00% Impervious   Runoff Depth=2.38"Subcatchment S1C: Lower Side 1
   Flow Length=93'   Tc=5.2 min   CN=80   Runoff=6.68 cfs  0.304 af

Runoff Area=15.428 ac   0.00% Impervious   Runoff Depth=2.38"Subcatchment S2A: Top Deck 2
   Flow Length=1,290'   Tc=47.2 min   CN=80   Runoff=23.22 cfs  3.055 af

Runoff Area=3.531 ac   0.00% Impervious   Runoff Depth=2.38"Subcatchment S2B: Upper Side 2
   Flow Length=117'   Tc=10.1 min   CN=80   Runoff=12.88 cfs  0.699 af

Runoff Area=1.352 ac   0.00% Impervious   Runoff Depth=2.38"Subcatchment S2C: Lower Side 2
   Flow Length=80'   Tc=6.5 min   CN=80   Runoff=5.61 cfs  0.268 af

Runoff Area=16.752 ac   0.00% Impervious   Runoff Depth=2.38"Subcatchment S3A: Top Deck 3
   Flow Length=1,350'   Tc=43.1 min   CN=80   Runoff=27.01 cfs  3.318 af

Runoff Area=4.406 ac   0.00% Impervious   Runoff Depth=2.38"Subcatchment S3B: Upper Side 3
   Flow Length=143'   Tc=12.0 min   CN=80   Runoff=15.03 cfs  0.873 af

Runoff Area=1.952 ac   0.00% Impervious   Runoff Depth=2.38"Subcatchment S3C: Lower Side 3
   Flow Length=80'   Tc=6.5 min   CN=80   Runoff=8.10 cfs  0.387 af

Runoff Area=11.904 ac   0.00% Impervious   Runoff Depth=2.38"Subcatchment S4A: Top Deck 4
   Flow Length=1,040'   Tc=49.4 min   CN=80   Runoff=17.37 cfs  2.358 af

Runoff Area=2.699 ac   0.00% Impervious   Runoff Depth=2.38"Subcatchment S4B: Upper Side 4
   Flow Length=143'   Tc=12.0 min   CN=80   Runoff=9.21 cfs  0.535 af

Runoff Area=1.524 ac   0.00% Impervious   Runoff Depth=2.38"Subcatchment S4C: Lower Side 4
   Flow Length=93'   Tc=5.2 min   CN=80   Runoff=6.63 cfs  0.302 af

Avg. Flow Depth=0.82'   Max Vel=2.64 fps   Inflow=7.55 cfs  0.410 afReach B1: Bench 1
n=0.030   L=1,190.0'   S=0.0100 '/'   Capacity=64.21 cfs   Outflow=5.95 cfs  0.410 af

Avg. Flow Depth=0.97'   Max Vel=2.96 fps   Inflow=12.88 cfs  0.699 afReach B2: Bench 2
n=0.030   L=1,690.0'   S=0.0100 '/'   Capacity=64.21 cfs   Outflow=9.40 cfs  0.699 af

Avg. Flow Depth=1.07'   Max Vel=3.14 fps   Inflow=15.03 cfs  0.873 afReach B3: Bench 3
n=0.030   L=2,070.0'   S=0.0100 '/'   Capacity=56.17 cfs   Outflow=10.66 cfs  0.873 af

Avg. Flow Depth=0.93'   Max Vel=2.85 fps   Inflow=9.21 cfs  0.535 afReach B4: Bench 4
n=0.030   L=1,410.0'   S=0.0100 '/'   Capacity=56.17 cfs   Outflow=7.20 cfs  0.535 af
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Avg. Flow Depth=0.86'   Max Vel=6.28 fps   Inflow=39.69 cfs  5.695 afReach C1: Culvert 1
18.0"  Round Pipe x 6.00   n=0.013   L=100.0'   S=0.0100 '/'   Capacity=63.03 cfs   Outflow=39.69 cfs  5.695 af

Avg. Flow Depth=1.09'   Max Vel=6.70 fps   Inflow=55.08 cfs  7.771 afReach C2: Culvert 2
18.0"  Round Pipe x 6.00   n=0.013   L=100.0'   S=0.0100 '/'   Capacity=63.03 cfs   Outflow=55.07 cfs  7.771 af

Avg. Flow Depth=0.74'   Max Vel=3.47 fps   Inflow=31.28 cfs  4.014 afReach R1A: Riprap 1A
n=0.031   L=37.0'   S=0.0100 '/'   Capacity=112.18 cfs   Outflow=31.28 cfs  4.014 af

Avg. Flow Depth=0.40'   Max Vel=7.02 fps   Inflow=31.28 cfs  4.014 afReach R1B: Riprap 1B
n=0.049   L=80.0'   S=0.2125 '/'   Capacity=327.17 cfs   Outflow=31.27 cfs  4.014 af

Avg. Flow Depth=0.89'   Max Vel=3.87 fps   Inflow=43.90 cfs  5.675 afReach R2A: Riprap 2A
n=0.031   L=35.0'   S=0.0100 '/'   Capacity=112.18 cfs   Outflow=43.90 cfs  5.675 af

Avg. Flow Depth=0.47'   Max Vel=8.27 fps   Inflow=43.90 cfs  5.675 afReach R2B: Riprap 2B
n=0.050   L=65.0'   S=0.2538 '/'   Capacity=350.43 cfs   Outflow=43.90 cfs  5.675 af

Avg. Flow Depth=0.57'   Max Vel=6.62 fps   Inflow=43.90 cfs  5.675 afReach R2C: Riprap 2C
n=0.044   L=43.0'   S=0.1000 '/'   Capacity=249.94 cfs   Outflow=43.90 cfs  5.675 af

Avg. Flow Depth=0.48'   Max Vel=1.85 fps   Inflow=6.68 cfs  0.304 afReach T1: Toe 1
n=0.030   L=1,260.0'   S=0.0050 '/'   Capacity=64.55 cfs   Outflow=4.36 cfs  0.304 af

Avg. Flow Depth=0.38'   Max Vel=1.64 fps   Inflow=5.61 cfs  0.268 afReach T2: Toe 2
n=0.030   L=1,750.0'   S=0.0050 '/'   Capacity=64.55 cfs   Outflow=3.01 cfs  0.268 af

Avg. Flow Depth=0.46'   Max Vel=1.82 fps   Inflow=8.10 cfs  0.387 afReach T3: Toe 3
n=0.030   L=2,120.0'   S=0.0050 '/'   Capacity=64.55 cfs   Outflow=4.12 cfs  0.387 af

Avg. Flow Depth=0.45'   Max Vel=1.80 fps   Inflow=6.63 cfs  0.302 afReach T4: Toe 4
n=0.030   L=1,450.0'   S=0.0050 '/'   Capacity=64.55 cfs   Outflow=4.01 cfs  0.302 af

Total Runoff Area = 67.994 ac   Runoff Volume = 13.466 af   Average Runoff Depth = 2.38"
100.00% Pervious = 67.994 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment S1A: Top Deck 1

Runoff = 8.76 cfs @ 12.31 hrs,  Volume= 0.958 af,  Depth= 2.38"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-year  Rainfall=4.40"

Area (ac) CN Description
* 4.838 80

4.838 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
30.2 300 0.0143 0.17 Sheet Flow, Sheet Flow

Grass: Short   n= 0.150   P2= 2.55"
6.1 505 0.0086 1.39 Shallow Concentrated Flow, Shallow Concentrated

Grassed Waterway   Kv= 15.0 fps
36.3 805 Total

Subcatchment S1A: Top Deck 1

Runoff

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210
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0

Type II 24-hr 25-year
Rainfall=4.40"

Runoff Area=4.838 ac
Runoff Volume=0.958 af

Runoff Depth=2.38"
Flow Length=805'

Tc=36.3 min
CN=80

8.76 cfs
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Summary for Subcatchment S1B: Upper Side 1

Runoff = 7.55 cfs @ 12.02 hrs,  Volume= 0.410 af,  Depth= 2.38"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-year  Rainfall=4.40"

Area (ac) CN Description
* 2.071 80

2.071 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.5 37 0.0100 0.09 Sheet Flow, Sheet 1
Grass: Short   n= 0.150   P2= 2.55"

3.6 80 0.2125 0.37 Sheet Flow, Sheet 2
Grass: Short   n= 0.150   P2= 2.55"

10.1 117 Total

Subcatchment S1B: Upper Side 1

Runoff

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210
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0

Type II 24-hr 25-year
Rainfall=4.40"

Runoff Area=2.071 ac
Runoff Volume=0.410 af

Runoff Depth=2.38"
Flow Length=117'

Tc=10.1 min
CN=80

7.55 cfs
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Summary for Subcatchment S1C: Lower Side 1

Runoff = 6.68 cfs @ 11.96 hrs,  Volume= 0.304 af,  Depth= 2.38"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-year  Rainfall=4.40"

Area (ac) CN Description
* 1.537 80

1.537 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.3 50 0.2400 0.36 Sheet Flow, Sheet 1
Grass: Short   n= 0.150   P2= 2.55"

2.9 43 0.1000 0.24 Sheet Flow, Sheet 2
Grass: Short   n= 0.150   P2= 2.55"

5.2 93 Total

Subcatchment S1C: Lower Side 1

Runoff

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210

Fl
ow

  (
cf

s)

7

6

5

4

3

2

1

0

Type II 24-hr 25-year
Rainfall=4.40"

Runoff Area=1.537 ac
Runoff Volume=0.304 af

Runoff Depth=2.38"
Flow Length=93'

Tc=5.2 min
CN=80

6.68 cfs
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Summary for Subcatchment S2A: Top Deck 2

Runoff = 23.22 cfs @ 12.44 hrs,  Volume= 3.055 af,  Depth= 2.38"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-year  Rainfall=4.40"

Area (ac) CN Description
* 15.428 80

15.428 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
33.3 300 0.0112 0.15 Sheet Flow, Sheet Flow

Grass: Short   n= 0.150   P2= 2.55"
13.9 990 0.0063 1.19 Shallow Concentrated Flow, Shallow Concentrated

Grassed Waterway   Kv= 15.0 fps
47.2 1,290 Total

Subcatchment S2A: Top Deck 2

Runoff

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210
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Type II 24-hr 25-year
Rainfall=4.40"

Runoff Area=15.428 ac
Runoff Volume=3.055 af

Runoff Depth=2.38"
Flow Length=1,290'

Tc=47.2 min
CN=80

23.22 cfs
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Summary for Subcatchment S2B: Upper Side 2

Runoff = 12.88 cfs @ 12.02 hrs,  Volume= 0.699 af,  Depth= 2.38"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-year  Rainfall=4.40"

Area (ac) CN Description
* 3.531 80

3.531 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.5 37 0.0100 0.09 Sheet Flow, Sheet 1
Grass: Short   n= 0.150   P2= 2.55"

3.6 80 0.2125 0.37 Sheet Flow, Sheet 2
Grass: Short   n= 0.150   P2= 2.55"

10.1 117 Total

Subcatchment S2B: Upper Side 2

Runoff

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210
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Type II 24-hr 25-year
Rainfall=4.40"

Runoff Area=3.531 ac
Runoff Volume=0.699 af

Runoff Depth=2.38"
Flow Length=117'

Tc=10.1 min
CN=80

12.88 cfs



Type II 24-hr 25-year  Rainfall=4.40"final_cover
  Printed  12/17/2009Prepared by Geosyntec Consultants

Page 11HydroCAD® 9.10  s/n 00929  © 2009 HydroCAD Software Solutions LLC

Summary for Subcatchment S2C: Lower Side 2

Runoff = 5.61 cfs @ 11.98 hrs,  Volume= 0.268 af,  Depth= 2.38"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-year  Rainfall=4.40"

Area (ac) CN Description
* 1.352 80

1.352 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.6 55 0.0545 0.20 Sheet Flow, Sheet 1
Grass: Short   n= 0.150   P2= 2.55"

1.9 25 0.1000 0.22 Sheet Flow, Sheet 2
Grass: Short   n= 0.150   P2= 2.55"

6.5 80 Total

Subcatchment S2C: Lower Side 2

Runoff

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210
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s)

6
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0

Type II 24-hr 25-year
Rainfall=4.40"

Runoff Area=1.352 ac
Runoff Volume=0.268 af

Runoff Depth=2.38"
Flow Length=80'

Tc=6.5 min
CN=80

5.61 cfs
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Summary for Subcatchment S3A: Top Deck 3

Runoff = 27.01 cfs @ 12.40 hrs,  Volume= 3.318 af,  Depth= 2.38"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-year  Rainfall=4.40"

Area (ac) CN Description
* 16.752 80

16.752 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
28.4 300 0.0167 0.18 Sheet Flow, Sheet

Grass: Short   n= 0.150   P2= 2.55"
14.7 1,050 0.0063 1.19 Shallow Concentrated Flow, Shallow Concentrated

Grassed Waterway   Kv= 15.0 fps
43.1 1,350 Total

Subcatchment S3A: Top Deck 3

Runoff

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210
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Type II 24-hr 25-year
Rainfall=4.40"

Runoff Area=16.752 ac
Runoff Volume=3.318 af

Runoff Depth=2.38"
Flow Length=1,350'

Tc=43.1 min
CN=80

27.01 cfs
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Summary for Subcatchment S3B: Upper Side 3

Runoff = 15.03 cfs @ 12.04 hrs,  Volume= 0.873 af,  Depth= 2.38"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-year  Rainfall=4.40"

Area (ac) CN Description
* 4.406 80

4.406 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.3 35 0.0100 0.09 Sheet Flow, Sheet 1
Grass: Short   n= 0.150   P2= 2.55"

2.8 65 0.2538 0.38 Sheet Flow, Sheet 2
Grass: Short   n= 0.150   P2= 2.55"

2.9 43 0.1000 0.24 Sheet Flow, Sheet 3
Grass: Short   n= 0.150   P2= 2.55"

12.0 143 Total

Subcatchment S3B: Upper Side 3

Runoff

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210
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Type II 24-hr 25-year
Rainfall=4.40"

Runoff Area=4.406 ac
Runoff Volume=0.873 af

Runoff Depth=2.38"
Flow Length=143'

Tc=12.0 min
CN=80

15.03 cfs
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Summary for Subcatchment S3C: Lower Side 3

Runoff = 8.10 cfs @ 11.98 hrs,  Volume= 0.387 af,  Depth= 2.38"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-year  Rainfall=4.40"

Area (ac) CN Description
* 1.952 80

1.952 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.6 55 0.0545 0.20 Sheet Flow, Sheet 1
Grass: Short   n= 0.150   P2= 2.55"

1.9 25 0.1000 0.22 Sheet Flow, Sheet 2
Grass: Short   n= 0.150   P2= 2.55"

6.5 80 Total

Subcatchment S3C: Lower Side 3

Runoff

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210
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Type II 24-hr 25-year
Rainfall=4.40"

Runoff Area=1.952 ac
Runoff Volume=0.387 af

Runoff Depth=2.38"
Flow Length=80'

Tc=6.5 min
CN=80

8.10 cfs
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Summary for Subcatchment S4A: Top Deck 4

Runoff = 17.37 cfs @ 12.46 hrs,  Volume= 2.358 af,  Depth= 2.38"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-year  Rainfall=4.40"

Area (ac) CN Description
* 11.904 80

11.904 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
38.7 300 0.0077 0.13 Sheet Flow, Sheet

Grass: Short   n= 0.150   P2= 2.55"
10.7 740 0.0059 1.15 Shallow Concentrated Flow, Shallow Concentrated

Grassed Waterway   Kv= 15.0 fps
49.4 1,040 Total

Subcatchment S4A: Top Deck 4

Runoff

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210
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Type II 24-hr 25-year
Rainfall=4.40"

Runoff Area=11.904 ac
Runoff Volume=2.358 af

Runoff Depth=2.38"
Flow Length=1,040'

Tc=49.4 min
CN=80

17.37 cfs
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Summary for Subcatchment S4B: Upper Side 4

Runoff = 9.21 cfs @ 12.04 hrs,  Volume= 0.535 af,  Depth= 2.38"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-year  Rainfall=4.40"

Area (ac) CN Description
* 2.699 80

2.699 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.3 35 0.0100 0.09 Sheet Flow, Sheet 1
Grass: Short   n= 0.150   P2= 2.55"

2.8 65 0.2538 0.38 Sheet Flow, Sheet 2
Grass: Short   n= 0.150   P2= 2.55"

2.9 43 0.1000 0.24 Sheet Flow, Sheet 3
Grass: Short   n= 0.150   P2= 2.55"

12.0 143 Total

Subcatchment S4B: Upper Side 4

Runoff

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210
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Type II 24-hr 25-year
Rainfall=4.40"

Runoff Area=2.699 ac
Runoff Volume=0.535 af

Runoff Depth=2.38"
Flow Length=143'

Tc=12.0 min
CN=80

9.21 cfs
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Summary for Subcatchment S4C: Lower Side 4

Runoff = 6.63 cfs @ 11.96 hrs,  Volume= 0.302 af,  Depth= 2.38"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Type II 24-hr 25-year  Rainfall=4.40"

Area (ac) CN Description
* 1.524 80

1.524 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.3 50 0.2400 0.36 Sheet Flow, Sheet 4
Grass: Short   n= 0.150   P2= 2.55"

2.9 43 0.1000 0.24 Sheet Flow, Sheet 2
Grass: Short   n= 0.150   P2= 2.55"

5.2 93 Total

Subcatchment S4C: Lower Side 4

Runoff

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210
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Type II 24-hr 25-year
Rainfall=4.40"

Runoff Area=1.524 ac
Runoff Volume=0.302 af

Runoff Depth=2.38"
Flow Length=93'

Tc=5.2 min
CN=80

6.63 cfs
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Summary for Reach B1: Bench 1

Inflow Area = 2.071 ac, 0.00% Impervious,  Inflow Depth = 2.38"    for  25-year event
Inflow = 7.55 cfs @ 12.02 hrs,  Volume= 0.410 af
Outflow = 5.95 cfs @ 12.08 hrs,  Volume= 0.410 af,  Atten= 21%,  Lag= 3.8 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.64 fps,  Min. Travel Time= 7.5 min
Avg. Velocity = 0.83 fps,  Avg. Travel Time= 23.8 min

Peak Storage= 2,678 cf @ 12.08 hrs
Average Depth at Peak Storage= 0.82'
Bank-Full Depth= 2.00',  Capacity at Bank-Full= 64.21 cfs

0.00'  x  2.00'  deep channel,  n= 0.030
Side Slope Z-value= 2.0  4.7 '/'   Top Width= 13.40'
Length= 1,190.0'   Slope= 0.0100 '/'
Inlet Invert= 461.00',  Outlet Invert= 449.10'

Reach B1: Bench 1

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=2.071 ac
Avg. Flow Depth=0.82'

Max Vel=2.64 fps
n=0.030

L=1,190.0'
S=0.0100 '/'

Capacity=64.21 cfs

7.55 cfs

5.95 cfs
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Summary for Reach B2: Bench 2

Inflow Area = 3.531 ac, 0.00% Impervious,  Inflow Depth = 2.38"    for  25-year event
Inflow = 12.88 cfs @ 12.02 hrs,  Volume= 0.699 af
Outflow = 9.40 cfs @ 12.09 hrs,  Volume= 0.699 af,  Atten= 27%,  Lag= 4.5 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.96 fps,  Min. Travel Time= 9.5 min
Avg. Velocity = 0.87 fps,  Avg. Travel Time= 32.5 min

Peak Storage= 5,357 cf @ 12.09 hrs
Average Depth at Peak Storage= 0.97'
Bank-Full Depth= 2.00',  Capacity at Bank-Full= 64.21 cfs

0.00'  x  2.00'  deep channel,  n= 0.030
Side Slope Z-value= 2.0  4.7 '/'   Top Width= 13.40'
Length= 1,690.0'   Slope= 0.0100 '/'
Inlet Invert= 462.00',  Outlet Invert= 445.10'

Reach B2: Bench 2

Inflow
Outflow

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210

Fl
ow

  (
cf

s)

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

Inflow Area=3.531 ac
Avg. Flow Depth=0.97'

Max Vel=2.96 fps
n=0.030

L=1,690.0'
S=0.0100 '/'

Capacity=64.21 cfs

12.88 cfs

9.40 cfs
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Summary for Reach B3: Bench 3

Inflow Area = 4.406 ac, 0.00% Impervious,  Inflow Depth = 2.38"    for  25-year event
Inflow = 15.03 cfs @ 12.04 hrs,  Volume= 0.873 af
Outflow = 10.66 cfs @ 12.13 hrs,  Volume= 0.873 af,  Atten= 29%,  Lag= 5.2 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.14 fps,  Min. Travel Time= 11.0 min
Avg. Velocity = 0.90 fps,  Avg. Travel Time= 38.1 min

Peak Storage= 7,024 cf @ 12.13 hrs
Average Depth at Peak Storage= 1.07'
Bank-Full Depth= 2.00',  Capacity at Bank-Full= 56.17 cfs

0.00'  x  2.00'  deep channel,  n= 0.030
Side Slope Z-value= 2.0  3.9 '/'   Top Width= 11.80'
Length= 2,070.0'   Slope= 0.0100 '/'
Inlet Invert= 462.00',  Outlet Invert= 441.30'

Reach B3: Bench 3

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=4.406 ac
Avg. Flow Depth=1.07'

Max Vel=3.14 fps
n=0.030

L=2,070.0'
S=0.0100 '/'

Capacity=56.17 cfs

15.03 cfs

10.66 cfs
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Summary for Reach B4: Bench 4

Inflow Area = 2.699 ac, 0.00% Impervious,  Inflow Depth = 2.38"    for  25-year event
Inflow = 9.21 cfs @ 12.04 hrs,  Volume= 0.535 af
Outflow = 7.20 cfs @ 12.11 hrs,  Volume= 0.535 af,  Atten= 22%,  Lag= 4.4 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.85 fps,  Min. Travel Time= 8.3 min
Avg. Velocity = 0.88 fps,  Avg. Travel Time= 26.8 min

Peak Storage= 3,563 cf @ 12.11 hrs
Average Depth at Peak Storage= 0.93'
Bank-Full Depth= 2.00',  Capacity at Bank-Full= 56.17 cfs

0.00'  x  2.00'  deep channel,  n= 0.030
Side Slope Z-value= 2.0  3.9 '/'   Top Width= 11.80'
Length= 1,410.0'   Slope= 0.0100 '/'
Inlet Invert= 461.00',  Outlet Invert= 446.90'

Reach B4: Bench 4

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=2.699 ac
Avg. Flow Depth=0.93'

Max Vel=2.85 fps
n=0.030

L=1,410.0'
S=0.0100 '/'

Capacity=56.17 cfs

9.21 cfs

7.20 cfs
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Summary for Reach C1: Culvert 1

[52] Hint: Inlet/Outlet conditions not evaluated
[62] Hint: Exceeded Reach T1 OUTLET depth by 0.63' @ 12.43 hrs
[61] Hint: Exceeded Reach T2 outlet invert by 0.18' @ 12.33 hrs

Inflow Area = 28.757 ac, 0.00% Impervious,  Inflow Depth = 2.38"    for  25-year event
Inflow = 39.69 cfs @ 12.33 hrs,  Volume= 5.695 af
Outflow = 39.69 cfs @ 12.33 hrs,  Volume= 5.695 af,  Atten= 0%,  Lag= 0.2 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Max. Velocity= 6.28 fps,  Min. Travel Time= 0.3 min
Avg. Velocity = 1.90 fps,  Avg. Travel Time= 0.9 min

Peak Storage= 632 cf @ 12.33 hrs
Average Depth at Peak Storage= 0.86'
Bank-Full Depth= 1.50',  Capacity at Bank-Full= 63.03 cfs

A factor of 6.00 has been applied to the storage and discharge capacity
18.0"  Round Pipe
n= 0.013
Length= 100.0'   Slope= 0.0100 '/'
Inlet Invert= 432.24',  Outlet Invert= 431.24'
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Reach C1: Culvert 1

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=28.757 ac
Avg. Flow Depth=0.86'

Max Vel=6.28 fps
18.0"

Round Pipe x 6.00
n=0.013
L=100.0'

S=0.0100 '/'
Capacity=63.03 cfs

39.69 cfs
39.69 cfs
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Summary for Reach C2: Culvert 2

[52] Hint: Inlet/Outlet conditions not evaluated
[62] Hint: Exceeded Reach T3 OUTLET depth by 0.78' @ 12.42 hrs
[62] Hint: Exceeded Reach T4 OUTLET depth by 0.63' @ 12.42 hrs

Inflow Area = 39.237 ac, 0.00% Impervious,  Inflow Depth = 2.38"    for  25-year event
Inflow = 55.08 cfs @ 12.36 hrs,  Volume= 7.771 af
Outflow = 55.07 cfs @ 12.36 hrs,  Volume= 7.771 af,  Atten= 0%,  Lag= 0.2 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Max. Velocity= 6.70 fps,  Min. Travel Time= 0.2 min
Avg. Velocity = 2.07 fps,  Avg. Travel Time= 0.8 min

Peak Storage= 822 cf @ 12.36 hrs
Average Depth at Peak Storage= 1.09'
Bank-Full Depth= 1.50',  Capacity at Bank-Full= 63.03 cfs

A factor of 6.00 has been applied to the storage and discharge capacity
18.0"  Round Pipe
n= 0.013
Length= 100.0'   Slope= 0.0100 '/'
Inlet Invert= 431.07',  Outlet Invert= 430.07'
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Reach C2: Culvert 2

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=39.237 ac
Avg. Flow Depth=1.09'

Max Vel=6.70 fps
18.0"

Round Pipe x 6.00
n=0.013
L=100.0'

S=0.0100 '/'
Capacity=63.03 cfs

55.08 cfs
55.07 cfs
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Summary for Reach R1A: Riprap 1A

Inflow Area = 20.266 ac, 0.00% Impervious,  Inflow Depth = 2.38"    for  25-year event
Inflow = 31.28 cfs @ 12.43 hrs,  Volume= 4.014 af
Outflow = 31.28 cfs @ 12.43 hrs,  Volume= 4.014 af,  Atten= 0%,  Lag= 0.1 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.47 fps,  Min. Travel Time= 0.2 min
Avg. Velocity = 1.11 fps,  Avg. Travel Time= 0.6 min

Peak Storage= 334 cf @ 12.43 hrs
Average Depth at Peak Storage= 0.74'
Bank-Full Depth= 1.50',  Capacity at Bank-Full= 112.18 cfs

10.00'  x  1.50'  deep channel,  n= 0.031
Side Slope Z-value= 3.0 '/'   Top Width= 19.00'
Length= 37.0'   Slope= 0.0100 '/'
Inlet Invert= 452.37',  Outlet Invert= 452.00'

‡

Reach R1A: Riprap 1A

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=20.266 ac
Avg. Flow Depth=0.74'

Max Vel=3.47 fps
n=0.031
L=37.0'

S=0.0100 '/'
Capacity=112.18 cfs

31.28 cfs
31.28 cfs
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Summary for Reach R1B: Riprap 1B

[61] Hint: Exceeded Reach R1A outlet invert by 0.40' @ 12.43 hrs

Inflow Area = 20.266 ac, 0.00% Impervious,  Inflow Depth = 2.38"    for  25-year event
Inflow = 31.28 cfs @ 12.43 hrs,  Volume= 4.014 af
Outflow = 31.27 cfs @ 12.43 hrs,  Volume= 4.014 af,  Atten= 0%,  Lag= 0.1 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Max. Velocity= 7.02 fps,  Min. Travel Time= 0.2 min
Avg. Velocity = 2.21 fps,  Avg. Travel Time= 0.6 min

Peak Storage= 356 cf @ 12.43 hrs
Average Depth at Peak Storage= 0.40'
Bank-Full Depth= 1.50',  Capacity at Bank-Full= 327.17 cfs

10.00'  x  1.50'  deep channel,  n= 0.049
Side Slope Z-value= 3.0 '/'   Top Width= 19.00'
Length= 80.0'   Slope= 0.2125 '/'
Inlet Invert= 452.00',  Outlet Invert= 435.00'

‡

Reach R1B: Riprap 1B

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=20.266 ac
Avg. Flow Depth=0.40'

Max Vel=7.02 fps
n=0.049
L=80.0'

S=0.2125 '/'
Capacity=327.17 cfs

31.28 cfs
31.27 cfs
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Summary for Reach R2A: Riprap 2A

Inflow Area = 28.656 ac, 0.00% Impervious,  Inflow Depth = 2.38"    for  25-year event
Inflow = 43.90 cfs @ 12.45 hrs,  Volume= 5.675 af
Outflow = 43.90 cfs @ 12.45 hrs,  Volume= 5.675 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.87 fps,  Min. Travel Time= 0.2 min
Avg. Velocity = 1.26 fps,  Avg. Travel Time= 0.5 min

Peak Storage= 397 cf @ 12.45 hrs
Average Depth at Peak Storage= 0.89'
Bank-Full Depth= 1.50',  Capacity at Bank-Full= 112.18 cfs

10.00'  x  1.50'  deep channel,  n= 0.031
Side Slope Z-value= 3.0 '/'   Top Width= 19.00'
Length= 35.0'   Slope= 0.0100 '/'
Inlet Invert= 450.35',  Outlet Invert= 450.00'

‡

Reach R2A: Riprap 2A
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Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210

Fl
ow

  (
cf

s)

48
46
44
42
40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10

8
6
4
2
0

Inflow Area=28.656 ac
Avg. Flow Depth=0.89'

Max Vel=3.87 fps
n=0.031
L=35.0'

S=0.0100 '/'
Capacity=112.18 cfs

43.90 cfs
43.90 cfs
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Summary for Reach R2B: Riprap 2B

[61] Hint: Exceeded Reach R2A outlet invert by 0.47' @ 12.45 hrs

Inflow Area = 28.656 ac, 0.00% Impervious,  Inflow Depth = 2.38"    for  25-year event
Inflow = 43.90 cfs @ 12.45 hrs,  Volume= 5.675 af
Outflow = 43.90 cfs @ 12.45 hrs,  Volume= 5.675 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Max. Velocity= 8.27 fps,  Min. Travel Time= 0.1 min
Avg. Velocity = 2.61 fps,  Avg. Travel Time= 0.4 min

Peak Storage= 345 cf @ 12.45 hrs
Average Depth at Peak Storage= 0.47'
Bank-Full Depth= 1.50',  Capacity at Bank-Full= 350.43 cfs

10.00'  x  1.50'  deep channel,  n= 0.050
Side Slope Z-value= 3.0 '/'   Top Width= 19.00'
Length= 65.0'   Slope= 0.2538 '/'
Inlet Invert= 450.00',  Outlet Invert= 433.50'

‡

Reach R2B: Riprap 2B
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Inflow Area=28.656 ac
Avg. Flow Depth=0.47'

Max Vel=8.27 fps
n=0.050
L=65.0'

S=0.2538 '/'
Capacity=350.43 cfs

43.90 cfs
43.90 cfs
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Summary for Reach R2C: Riprap 2C

[62] Hint: Exceeded Reach R2B OUTLET depth by 10.10' @ 12.46 hrs

Inflow Area = 28.656 ac, 0.00% Impervious,  Inflow Depth = 2.38"    for  25-year event
Inflow = 43.90 cfs @ 12.45 hrs,  Volume= 5.675 af
Outflow = 43.90 cfs @ 12.45 hrs,  Volume= 5.675 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Max. Velocity= 6.62 fps,  Min. Travel Time= 0.1 min
Avg. Velocity = 2.10 fps,  Avg. Travel Time= 0.3 min

Peak Storage= 285 cf @ 12.45 hrs
Average Depth at Peak Storage= 0.57'
Bank-Full Depth= 1.50',  Capacity at Bank-Full= 249.94 cfs

10.00'  x  1.50'  deep channel,  n= 0.044
Side Slope Z-value= 3.0 '/'   Top Width= 19.00'
Length= 43.0'   Slope= 0.1000 '/'
Inlet Invert= 443.50',  Outlet Invert= 439.20'

‡

Reach R2C: Riprap 2C

Inflow
Outflow

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210
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Inflow Area=28.656 ac
Avg. Flow Depth=0.57'

Max Vel=6.62 fps
n=0.044
L=43.0'

S=0.1000 '/'
Capacity=249.94 cfs

43.90 cfs
43.90 cfs
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Summary for Reach T1: Toe 1

Inflow Area = 1.537 ac, 0.00% Impervious,  Inflow Depth = 2.38"    for  25-year event
Inflow = 6.68 cfs @ 11.96 hrs,  Volume= 0.304 af
Outflow = 4.36 cfs @ 12.03 hrs,  Volume= 0.304 af,  Atten= 35%,  Lag= 3.9 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Max. Velocity= 1.85 fps,  Min. Travel Time= 11.3 min
Avg. Velocity = 0.43 fps,  Avg. Travel Time= 49.2 min

Peak Storage= 2,968 cf @ 12.03 hrs
Average Depth at Peak Storage= 0.48'
Bank-Full Depth= 2.00',  Capacity at Bank-Full= 64.55 cfs

4.00'  x  2.00'  deep channel,  n= 0.030
Side Slope Z-value= 2.0 '/'   Top Width= 12.00'
Length= 1,260.0'   Slope= 0.0050 '/'
Inlet Invert= 438.54',  Outlet Invert= 432.24'

Reach T1: Toe 1

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=1.537 ac
Avg. Flow Depth=0.48'

Max Vel=1.85 fps
n=0.030

L=1,260.0'
S=0.0050 '/'

Capacity=64.55 cfs

6.68 cfs

4.36 cfs
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Summary for Reach T2: Toe 2

Inflow Area = 1.352 ac, 0.00% Impervious,  Inflow Depth = 2.38"    for  25-year event
Inflow = 5.61 cfs @ 11.98 hrs,  Volume= 0.268 af
Outflow = 3.01 cfs @ 12.06 hrs,  Volume= 0.268 af,  Atten= 46%,  Lag= 5.2 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Max. Velocity= 1.64 fps,  Min. Travel Time= 17.8 min
Avg. Velocity = 0.40 fps,  Avg. Travel Time= 72.4 min

Peak Storage= 3,207 cf @ 12.06 hrs
Average Depth at Peak Storage= 0.38'
Bank-Full Depth= 2.00',  Capacity at Bank-Full= 64.55 cfs

4.00'  x  2.00'  deep channel,  n= 0.030
Side Slope Z-value= 2.0 '/'   Top Width= 12.00'
Length= 1,750.0'   Slope= 0.0050 '/'
Inlet Invert= 441.67',  Outlet Invert= 432.92'

Reach T2: Toe 2

Inflow
Outflow

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210
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Inflow Area=1.352 ac
Avg. Flow Depth=0.38'

Max Vel=1.64 fps
n=0.030

L=1,750.0'
S=0.0050 '/'

Capacity=64.55 cfs

5.61 cfs

3.01 cfs
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Summary for Reach T3: Toe 3

Inflow Area = 1.952 ac, 0.00% Impervious,  Inflow Depth = 2.38"    for  25-year event
Inflow = 8.10 cfs @ 11.98 hrs,  Volume= 0.387 af
Outflow = 4.12 cfs @ 12.07 hrs,  Volume= 0.387 af,  Atten= 49%,  Lag= 5.4 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Max. Velocity= 1.82 fps,  Min. Travel Time= 19.4 min
Avg. Velocity = 0.45 fps,  Avg. Travel Time= 79.3 min

Peak Storage= 4,804 cf @ 12.07 hrs
Average Depth at Peak Storage= 0.46'
Bank-Full Depth= 2.00',  Capacity at Bank-Full= 64.55 cfs

4.00'  x  2.00'  deep channel,  n= 0.030
Side Slope Z-value= 2.0 '/'   Top Width= 12.00'
Length= 2,120.0'   Slope= 0.0050 '/'
Inlet Invert= 441.67',  Outlet Invert= 431.07'

Reach T3: Toe 3

Inflow
Outflow

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210
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Inflow Area=1.952 ac
Avg. Flow Depth=0.46'

Max Vel=1.82 fps
n=0.030

L=2,120.0'
S=0.0050 '/'

Capacity=64.55 cfs

8.10 cfs

4.12 cfs
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Summary for Reach T4: Toe 4

Inflow Area = 1.524 ac, 0.00% Impervious,  Inflow Depth = 2.38"    for  25-year event
Inflow = 6.63 cfs @ 11.96 hrs,  Volume= 0.302 af
Outflow = 4.01 cfs @ 12.03 hrs,  Volume= 0.302 af,  Atten= 40%,  Lag= 4.2 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.01 hrs
Max. Velocity= 1.80 fps,  Min. Travel Time= 13.4 min
Avg. Velocity = 0.42 fps,  Avg. Travel Time= 57.9 min

Peak Storage= 3,224 cf @ 12.03 hrs
Average Depth at Peak Storage= 0.45'
Bank-Full Depth= 2.00',  Capacity at Bank-Full= 64.55 cfs

4.00'  x  2.00'  deep channel,  n= 0.030
Side Slope Z-value= 2.0 '/'   Top Width= 12.00'
Length= 1,450.0'   Slope= 0.0050 '/'
Inlet Invert= 438.54',  Outlet Invert= 431.29'

Reach T4: Toe 4

Inflow
Outflow

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210
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Inflow Area=1.524 ac
Avg. Flow Depth=0.45'

Max Vel=1.80 fps
n=0.030

L=1,450.0'
S=0.0050 '/'

Capacity=64.55 cfs

6.63 cfs

4.01 cfs
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Design - Trapezoidal Riprap Chute
Methodology: Robinson et.al 1998

Project: Onandaga Lake SCA
Chute ID:  R1A

INPUT PARAMETERS

Peak Discharge, Qmax= 32.00 cfs
Bottom Width, B = 10.00  ft

Left Side Slope, Z1 = 3.00  horizontal :1 vertical
Right Side Slope, Z2 = 3.00  horizontal :1 vertical  

Longitudinal Channel Slope, So = 0.0100  ft/ft

ROCK SIZING

 Equivalent Unit Discharge, qt = 3.20  cfs/ft
Median Rock Diameter, D50 = 6.00  inches

MANNING'S ROUGHNESS

Calculated Channel Roughness, n = 0.031

NORMAL DEPTH CALCULATIONS - Using Manning's Equation

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV ��

2 3 2ft ft2 ft ft ft/s ft3/s lb/ft2

0.74 9.04 14.68 0.62 3.47 31.38 0.38 DESIGN Q

GG, 12/18/2009, 2:27 PM GEOSYNTEC CONSULTANTS GeoHydraulics.xlsx, Rock Chute Design 1%  (2)



Design - Trapezoidal Riprap Chute
Methodology: Robinson et.al 1998

Project: Onandaga Lake SCA
Chute ID:  R1B

INPUT PARAMETERS

Peak Discharge, Qmax= 32.00 cfs
Bottom Width, B = 10.00  ft

Left Side Slope, Z1 = 3.00  horizontal :1 vertical
Right Side Slope, Z2 = 3.00  horizontal :1 vertical  

Longitudinal Channel Slope, So = 0.2125  ft/ft

ROCK SIZING

 Equivalent Unit Discharge, qt = 3.20  cfs/ft
Median Rock Diameter, D50 = 6.00  inches

MANNING'S ROUGHNESS

Calculated Channel Roughness, n = 0.049

NORMAL DEPTH CALCULATIONS - Using Manning's Equation

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV ��

2 3 2ft ft2 ft ft ft/s ft3/s lb/ft2

0.40 4.48 12.53 0.36 7.10 31.81 4.74 DESIGN Q

GG, 12/17/2009, 12:02 PM GEOSYNTEC CONSULTANTS GeoHydraulics.xlsx, Rock Chute Design  21.25%



Design - Trapezoidal Riprap Chute
Methodology: Robinson et.al 1998

Project: Onandaga Lake SCA
Chute ID:  R2A

INPUT PARAMETERS

Peak Discharge, Qmax= 44.00 cfs
Bottom Width, B = 10.00  ft

Left Side Slope, Z1 = 3.00  horizontal :1 vertical
Right Side Slope, Z2 = 3.00  horizontal :1 vertical  

Longitudinal Channel Slope, So = 0.0100  ft/ft

ROCK SIZING

 Equivalent Unit Discharge, qt = 4.40  cfs/ft
Median Rock Diameter, D50 = 6.00  inches

MANNING'S ROUGHNESS

Calculated Channel Roughness, n = 0.031

NORMAL DEPTH CALCULATIONS - Using Manning's Equation

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV ��

2 3 2ft ft2 ft ft ft/s ft3/s lb/ft2

0.90 11.43 15.69 0.73 3.88 44.36 0.45 DESIGN Q

GG, 1/7/2010, 3:36 PM GEOSYNTEC CONSULTANTS GeoHydraulics.xlsx, Rock Chute Design 1% 



Design - Trapezoidal Riprap Chute
Methodology: Robinson et.al 1998

Project: Onandaga Lake SCA
Chute ID:  R2B

INPUT PARAMETERS

Peak Discharge, Qmax= 44.00 cfs
Bottom Width, B = 10.00  ft

Left Side Slope, Z1 = 3.00  horizontal :1 vertical
Right Side Slope, Z2 = 3.00  horizontal :1 vertical  

Longitudinal Channel Slope, So = 0.2538  ft/ft

ROCK SIZING

 Equivalent Unit Discharge, qt = 4.40  cfs/ft
Median Rock Diameter, D50 = 6.00  inches

MANNING'S ROUGHNESS

Calculated Channel Roughness, n = 0.050

NORMAL DEPTH CALCULATIONS - Using Manning's Equation

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV ��

2 3 2ft ft2 ft ft ft/s ft3/s lb/ft2

0.46 5.23 12.91 0.41 8.22 43.04 6.42 DESIGN Q

GG, 12/17/2009, 12:01 PM GEOSYNTEC CONSULTANTS GeoHydraulics.xlsx, Rock Chute Design  25.38%



Design - Trapezoidal Riprap Chute
Methodology: Robinson et.al 1998

Project: Onandaga Lake SCA
Chute ID:  R2C

INPUT PARAMETERS

Peak Discharge, Qmax= 44.00 cfs
Bottom Width, B = 10.00  ft

Left Side Slope, Z1 = 3.00  horizontal :1 vertical
Right Side Slope, Z2 = 3.00  horizontal :1 vertical  

Longitudinal Channel Slope, So = 0.1000  ft/ft

ROCK SIZING

 Equivalent Unit Discharge, qt = 4.40  cfs/ft
Median Rock Diameter, D50 = 6.00  inches

MANNING'S ROUGHNESS

Calculated Channel Roughness, n = 0.044

NORMAL DEPTH CALCULATIONS - Using Manning's Equation

Depth Area Wetted Hydraulic Average Discharge Avg. Tractive Comments
of Flow of Flow Perimeter Radius Velocity (Flow Rate) Stress

Y A P R=A/P V Q=AV ��

2 3 2ft ft2 ft ft ft/s ft3/s lb/ft2

0.56 6.54 13.54 0.48 6.65 43.50 3.01 DESIGN Q

GG, 12/17/2009, 12:02 PM GEOSYNTEC CONSULTANTS GeoHydraulics.xlsx, Rock Chute Design  10%
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